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The principal work performed by the V. S. Arwy Engineer Rii-
search and Development Laboratories dir~ectly in behalf of this stud~y

preparation of Technical Manual 5.311, Engineer Troop~ "rotective
ContrctonII_____pte that publicatior~ nt the technical

manal illincudemuc ofthematirial IthsrLporl aind wl
preentdat fo deermnaton f rdioogialprotection, aswel

asdesigns for utilization of existing structures, tumels, and
fotfctos Some of the work Included in this technical re..,rt,

notaly te tiberstructures and comiponents aziA the massive en-
trance sections, are not to be Included In the technical manual. In
..Aditton, smoe of the developmnt and thaory presete in this re-

port In the selection of the structures md structurel coomponents I's
not to be in the techudcsl manual. j

Personnel assisting In the preparation of the wort. for the
technical manual and, consequently, In the develolment of the system
aspresented in this technical report were, Captain elifford -1.

Flanaginn of 'The Engineer School and SPA4 Arthur 1R. Stacy of Special
Projects branch, "6ANMDL. The principal weapons test dabta used in
V-_h tt~i ~,&~ or empirical developent of the system were derived
from vork of the Naval Civil Ragineoring Laboratory, Port Hueneme,
California; the Office of Civil end Defense Mobilisation, Battle

Creek, Michigan; the Air ftres Special Weapons Center, Sandia Bass,
Bev Mexico; the Weterways bxpermaent Otation, Vicksburg, Mississippi;
aind the UMADL. Dsta furnished by tha Signal and Chemical Corps, as
well as the Corps of Ragineers, were also used In the selection of

Although such of the work preene-*e ber" is to appear in TH 5-311,

3 ~this report is published to present extensions of designs and usesr ofI
materials of construction vhich wver not Included in h.technical
manual.
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ThL - S -z6~s system 4for protective constructionI ~use of proved components. Mwareo A ~evers the developmeut of con-
cepts of design, antual designs and tables for material, selections,
and schemes for use of proved utilities together vitp reju$TepntsIfor such utilities based or., structure utllization. ý*the uyste.m of
design is based oni results of pat nuclear weapons tests, high ex-
plosive teats, and nondestructive test programs..,

The systemw of design is presented in tueci a manner that a fc?
engineer may start vith the requirements placiwl upon him for a pro-
tective structure; examine tabl.es of utilities based on structure
urilization; examine bessic structures, &@ well as structural com-
ponents, and adapt to these the material and labor ftorces available
for nonstructiorA. The system is designed to free the field engineer
from the restrictions ^iah vo~z.A be imposed by presenting only
prototype structures and yet to provfAde his with structural designs
which 'Ave proved resistant to nuclear bleast effeets. A wide variety
of i&aterials and shapes of structure Is presented. Me sisiplest of
these can be constructed v1Aimaunkilled labor under competent direc-
tion, although mor advanced shapes and complicated "form, work" are

* ~required for some of t~he other structures.

The more important results of this study of a system of protec-
tive construction are the presentation of structural shapes which
my be readily assemled and easily transported and yet. fulfill, to
the highest dogroe, th. blast protection requiredl anid the asse-
bling of tJ~e variety of bleat rosistant components from the multi-
tude af weapons test data and reports.

NO#"r aeeee tiee-&at: (a) Resultts of nvucl-Tar weapons of-
fetst tests are of sufficient scope and quality that a system of
field protective construction by the use of pr'cved si~rlctuwtl and
utility components is feasible; (b) the system of design by proved
ccmponernts presented here allov4 a field engizeer net. trained in
nuclear voepcot effects to apply the results of nuclear tests to
satisf the requiremsnce placed upon him for protective structures;
and (0) protective structures may be designed as an assembly of in-
dependent components reacting to blast or shock loadings in siuch a
meanner that the reaction of one dotes not weaken the resistance of
onother.

5 I7
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RUTEiCTIVE CONSTRUCTION BY PFROV- C(MPONENTS

:. INTRODUTION

P• 1. Objectives,. The objectives of this study were.

a. To provide the field engineer with a system of con-
struction or prototype structures which would have vroved blast
resistance es determined from nuclear weapons effects testing.

b. To consolidats and evaluate the test results of pa'sr
test programs or the incidental results of such testing. Further-
more, the purpose was tc present suon data in a readily usable form
s, that the proved results could be applied by the field military
engineer.

a. To extrapolate post nuclear test results to allow
field protective construction in which a variety of available mate-
rials or prefabricatea shapes aid a range of structure types ts used.

J|2. Background. Test progrma incidental to weapons develop-
merit and weapons effects tests were conducted until 195. Dturing
tr nis period, a grc.&t n~nb~r of prototyro Itructures and some "pure"

t structural snaps* were tested. bome of these test. progrm were on

elaborate prototype structures in which some positive and some nlog-
tive results were obtained on various fteets or components. In the
past, these tUst results have been used to evaluate such prototype
structures. The nuclear weapons test Poratoriua initiated in Novea-
ber 1958 pre"Nl, the testing of new prototype structures which
were developed as a result of the past tasts.

The field military engineer is likely to bt. precented with
structure requirements of a wide variety. gsay ?m .o on band only
a miniral choice of building mterials to satisfy these no.4. :u
addition, the further limitations of labor force, construction mate-
rials, or equipment may prevent the utilization of certain of these
building materials. Ic present the field engineer with a few de-
tailed prototype structlires but with no other provisions for adapt-
ing or modifying such structures is likely to create the condition
where no structure will be built. It should be assumed that the
field military engineer can adopt and modify structural design to
suit his needs when he is provided the criteria under whcth .uc! is-
signs were basedj the critical features of blast protect'rir oml
blast effects against which such designs were created to protect;
and the limitations of the structural designs presented. When these
aesumations are made and when +he wealth of avallab's daft incidental
to or directly derived from the nuclear blast effects tests are con-
a idered, it would seem reasonable that a system of blast resistart
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designs could be provided the field engineer s) that structures for
which no prototype tests have Leen made could be built in the field.

Current Army technical wanuals p,ýesent the field engineer
with prototype structures for blast resistance or other requirements.
Occasionally, specific modifications to these structures are sub-
mitted with the designs. Almost without exception, no alternatives
are presented by which the engineer can readily adapt theL designs
to suit specific requirements or limitations of construction materi-
al, labor, or equipment. Oreeat planning and logistic advantages
exist in using such a design program., in that, material and troop
construction may be accurately predicted. Further, materials uti-
lizing such designs are standardized (for example, 2 by 4 lumber or
corrugated roofing) and, thereby, may be readily used for other jobs
should the need arise. The qualities of prototype structures which
hawe been developed have been such that their components are unique
or that the methods of construction required (for example, arched
reinforced concrete), necessitave skilled labor for their erection.
Therefore, it would be of apparent value should material providing
a high degree of nuclear blast protection be readily adaptable to
many jobs. Such material would likely be available in the theater
army for these varied purposes.

3. T . Specific structural theory for the develcpment of
the designs presented in this report is given elsewhere. The funda-
mental concept upon which the system of design by components is
based is that tests have been run on such a variety of structural
shapes and materials that structural components may be selected so
that each component will exhibit adequate resistance to nuclear
blast effects. It is further ansumed that these components may be
assembled into a structure so that each component will fulfill the
requirement for resistance placed upon it without weakenlng 'he re-
mainder of the structure. The basis for assembl.&ug 'Lhe stru-tural
components is to select their design and placement so that each com-
ponent and the structure Itself act independently of any other com-
porent. Thus, the entrance configuration is not structurally at-
tached to the basic structurc or its end wall and, within itself,
may be of independently acting parts. Simil-!rly, the other components
such as the floor, the basic structure, the end wall, the entrance
doorway, end the entrance frame are constructed in such a way that
they act independently to secure their full resistance to blast ef-
fects without transferring loads or weakening the resistance of the
other components.

Wherever possible, the specific designs have been cross-
checked by separate theoretical and empirical app;c-aches; for ex-
ample, the theoretical strength of a member hei been checked against
the breci'eted ausolute strength exhibited under nuclear test condi-
tions. static, dynamic, nuc'lear, high explosive, and nondestructive

* .., -777--77777j
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test results have all been "taployed to define the response and the
strength of the components employfd ir the structural design system.

II. CRITMrIA FOR DESIGN

4. Types of Dynamic Loading. Structural desel for nuclear
blast requires consideration of rapid, transient, end lateral loads
different from those used for conventional design. Overpressures
which never appear in civil design must be considered. Where con-
ventional construction may dictate only 4 psi (for example, for a
warehouse floor), structures to provide for the effects of nuclear
blast can be designed for 10, 100, or 1,000 ppi. In addition, !it-
tle correlation exists between nuclear blast resistant design axd
tOat for the effects of conventional weapons such as aerial bombs
or artillery projectiles. Structures for conventional warfare are
principally concerned with penetration of a projectile or its frag-
ments and with the shattering effects of the high explosive. In
contrast, nuclear weapons have no shattering effect, frapentation
or peymtration.

High explosive (HE) ditonatons may develop axtremey high

ov•.rpressures) but the pressures ame localized and of short duration
when compared vit. the other effects of fragmentation and shattering.
However, overprossure is the principal effect of a nuclear detona-
tion upon a structure. The overpressure will sudide.y rise to a
peak and then will decay in such a manner that the entire stricture
will be loaded for a finite time. The structure must be able to
withstand this overpressure. The distance of the structure from the
detonation, the depth of burial, and the size of the weapon yield
may cause the overpressure to decay rapidlv or slowly in relation to
the response time of the structure. The overpressure may be magni-
fied "Ly reflection from the earth's surface. As the bllsst wave
travels across the ground at a high velocity large r.4fected pros-
eures may be developed when it interacts with a surface in its rfth.
The magnitude of amplification Is dependent on the peak side-an over-
pressure and the angle of incidence of the direction of travel to the
surface. Figure 1 dhows these relationships.

When the blast wave Is raflected, channelized, or strikes
an interior corner it mar, be magnified many tifsa. In addition, the
actual mass of the air in the blast front and in the following com-
pressed air has a velocity which causes a dreg when the blaFt ýWe ,
envelops ard passes around aboveground atructural element•'.

The development of large negative overpressure, an add..
tional feature of nuclear blast which is negliglble in HE detona-
tions, is seldom considered in civil practice. The negative prer-
,urea may be on the order of 5 psi below atmosopheric; consequently,

w+: + •+ w •+
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the structure experiences an outwaird load because of the static
pressure of the &i- it contains. These negativ'e pressu~res have been
the principal uiause uf destruction of tactical emplacements. Such
negative pressurec may provide an additicnal damaging effect on
aboveground or netar-surface structures exnd, therefore, musil be con-
sidered in protective structure design. The drag effects an6 tie
large increase in overpressure developed by reflection from an
abovegr-md structure hinder the use of such const-ruction for blast
protection. Similarly, other effects which would. pythibit above-
ground construction are the low initial and fallout radiation pro-
tection provided by such structures.

A seaiburied structure employing a raised. earth embankment
mLy have large reflected. pressures devoloped. on the sides of the
be-& which are transmitted to the structure. A semiburied. structure
is defined here as one completely covered. but with the earth cover-
Ing raised. above the surface. Placement of a structure In the fuily
buried condition in which'the earth over the structure is flush vwflh
the surrounding surftce eliminates the need. for consideration of re-
flected and drag pressures.* The requiremet for consideration of
negative pressures depends upon the dep~th of burial aknd type c e?

struture Itis assumed that a ngtiv pressure on the order of
14 psi or less Is the maiuim.un that would be encountered under most
conditions. To de-velop, a damaging upadfbrce within the structuare
a net negative pressure of at least~ w a ould probably be required.
An overburden of 14 feet or more earth cover would be sufficient to
urations, which must come to the surface, are not likely to bring a
net upward. force to bear on the structure of the passageway. The
entrance clocsure and Its foundation, however, must be derigned for
the possible effects of negative overpressure in the passing blast
wave.

Nuclear tests have indicated that a conside.-able red~uction
In overpressure occurs in the first two to three feet below grounai
aurface. This reduction may be on the order of one-third the ýpesk
uideon overpressure. Further reduction with a depth below this first
increment is extreme.Ly small, however, and way be assumed to be neg-
ligible throughi the region In which buried structures with mir~imum
earth cover are located. High overpressures may be developed. both
on the roof and sides of a buried structure. The magnitude of the
pressures on the side are related to the compaction and the earth
fill. The response of this earth fill becomes extremely ;mpoztarý;
if it consolidates to any degree under the blast pressure, e~i..a
loads upon the structure may ba cre-ated. by &archng from the structure
to the adjacent soil. With arch structures themselves, a large con-
solidation of the soil adjacent to the struciure way creatc hiLgh
tangential friction forcer~ on the structure. These effects are il-
listrated. in Figs. 2 and 3. In some nuc~lear tests, this force her
been sufficient to brhi~g about the failure of the structure.

VI
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Fig. 2. Arching action developed by soil, consolidation. The
soil Iindia~tely adjacent to the structure does not conaoli -
dat as much as that in the free field, further from the struc-
ture.* The result is that vertical loading about the periphery
"of the structu"re is partially borne by rrch..ng action by t
structure and the consolidated soil away from the strzvzture.- " - - -I . . .
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FUg. 3. Developrnt of tangential. friction forc~es an an srobi
structure by soil consolifttion. Consolidation of tte soil
adjacent to the strucwture causes a relativa ow~!mett bot~waon

the soil and the structure surfao* resulting In tangential
compressive stresses Caused by friction.
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Nrwlear blast effects otner than the air overpreo;E~ure are!
the rapid tranamieqion of shock throug., earth and, in particular,
through denser mediums such as rock and saturated soil. *These pres -
sure. may be air induced or directly tran~itted from surface or
below-surface detonations. The tran~smission of shock thr..ugh rock
and saturated soil requires that protective structures be isolated
from these denser -madiims by placement above the water table and by
Isolation from belrock * The ground shocks are characterized by high
vaiaxial pressures. Similarly, varying acceleratiwa,~ are developed
In different directions velative to the path of the shock. Typical
free-field grouna shock spectra are shown In Fig. I

5 Strutural Response to Static and Dyn~am Loads. Conven-
tional str~ii..l design Is primarily concerned with th, problem of
transfetrring known or predic"-- gravity loead to the earth from some
position In spaeei, by a system of ctructural members, without exceed-
Ing allowable stresses. Blast resistmni,. design must provide strength
to resist forces normal to stractural surfaces, gravity loads, fric-
tional loads caused by settlement of earth fill, and even upward
loadls acting upon the foundiations or floors of the structure.* The

-'Vw'
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blast loads from a nuclear explosion are charanterized by a sudden
rise in pressure, a gradual decay, e.nd a negative pressure of possi-
bly longer duration. An idealized air blast overpressure curve is
illustrated in Fig. 5.

The rapidity with w1hich the loads are applied and the typ•
of response of the structure are such that stiuctures must be de-
signed to withstand both the externally applied loads and 'he momen-
tum developed in the structural elements themselves. As a corollary,
the spring of a scale must be able not only to supyport the weight of
the scale and its contents, but must overcome the dynamic loading
which results when the mass is applied and the system seeks equili-
brium. Similarly, the strength necessary for a roof to resist the
overpressure as applied by the blast and the weight of the roof it-
self must "4e considered. Also, the loads created by the mass of the
roof system having been accelerated under the ftrce of the overpres-
sure consequently require deceleration. Deceleration requires a
strength of possibly the same manitude as that needed to resist the
overpressure itself. The duration of the positive pressure of the
blast wave, therefore, becomes a critical factor la determining the
maximum load vhlch a structure must withstand. This duration iq

compared to the time of the elastic response of the structure and
the manitude of the elasti" response of Mhe structural mwnberA in
relation to their elastic yield point. Structural elements required
for underground structures are of such a stiffness that the time of 4

elastic response of these elements (that is, their natural period of
vibration) is short. Thus, the positive pressure phase of a nuclear
detonation of any size weapon, 1 KT and larger, is of such a length
that It can be considered of infinite duration without significant
error. Figures 6 and 7 illustrate these effects. The figures are
dimensionless in that the displacements shown in each figure are re-
lated to a single line which represents the displaciment ,Mde a
speuified load. The rise time of the peak overpre.cs',re for such
btrUctures, however, Is so short that a mapnification occurs in the
response of the structure. The response is greater than it would
have been bad the same overpressure been gradually applied over a
long period of time.

The structural response to the application of the over-
pressure becomes important criteria, not only in the determination
of the structural strength requirements, but in the selection of the
material for construction. For example, a concrete structure in an
arch shape may be .uch that Its critical res-.none (that at wa±h
f'ilure is most likely to occur) takes place when the Ptr,:t_,tc ic
rebounding after it has first absorbed in the compressive phase a
large' amount of elastic energy. Thus, a design intanded to take
m.ximum advantage of the best quality j, concrete may be faulty as
a result of the resaronse in a tensile r-action which develops
stresses taat would never occur under conventional loading.
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Fig. 6. Fundamental response of undamped !org- *ai( short-
period systems to a step loading.

Ani mportant factor v, design for dyrnami-a loads is that
certain materials of construction exhibit markedly diffee~ent proper-
ties uner high rates of loading. Ikterials much as timber and
steel have strengths in the elastic range under highi rate: of load-
ingw~haehge yafco f 5prett 0pretta
those available when the loads are applied gradually. For e!xewtqle ,
the yield point of structural steel, ar~proximatel~y 32,003 nai unmqor
static load, may be up to 145,000 Psi under rapid L3adixrg. even
greater dynamic increases in strength characteristics are obtained
from timber under rapid loading. These cho-racter13tiC6 allow the
designer of a otructure to use t~he dynamic atrength ftvailable in
stiel or timber to withstand tlhi high pressures which occur in a
&s1~arply peaked overpressure pulse.
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Fig. T. Fundamental response of undamped long- at short-period
systems to a blast pulse.

Another consideration In d4g'ping for dy.ramio loads which
sate apart such design from that used for conventional structures is
that of the elasto-plastic action of the tructural material. Plas.-
tic yleldlig of the structure elements my be permitted to occur
under design loads of short duration, an effect which would never be
permitted by civil practice. Such design allows for the dynamic re-
sponese charvcter~stios of the load by makLg use of the cap&bjlity
of the structural material to absorb some of the effect o-f loads of'
short duration. Such action enables high peak overpressures of
short duration to be designed for resistance by energy absorption
concepts. By these methods, the energy developed in the structural
system bo; the application of the high overpreseure is absorbed by
plastic deformation of the structural. elements; these deform•tons
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requirc oner•y absorption of sach extent and Wke such a lez4•th of
time that the system is brought to rest before the itatimate streugth
i& utilized. The emnpioyment of this concept ales permits the use of
lower design moment values for the beam-type structural elements.
The development of plastic hinges in continuous beams or rigid
frames may be assumed to occur and, consequently, a balanced distri-
bution of movement Letween ends and center of a beam may also be
assumed. These effects and concepts are illustrated in Figs. 8
through 10.

TTPI OF SINAVIOS
. L PLA ,M No""-

7ig. 8.Idealized stress-strain relationship of Intermediate
g era steel.

Tt~e dynamic respon~se characteristics of a structural ele'-
ment play a large part in the design of that et~want for response to
a specific blast overpressure and Olecay cen~itionLA. The perxlcA :,f
vibration of the structural element actinst within Its' elsotic range
Is = important criterion in determining the theoretical response of
that element.* In addiition, the elastic limit of the &t-u#_t=.aL1 *I*-
a .nt and the plastic strain which maey ocur beyond this inte t prleor
to failure are Important.

As the sid-oi overpres sure acting on the surface nas in
Itself no umsantu, energy in abpnorbed Into th, structunfral system by
means of the overpressure acting over a finite distance.* The rount
of ener-• absorbed by the system is dethrmined by the distance over
which the nverpressure acts when it Is at varying prtsour-3s. Poz
example, the longer the response time of the structuraf l e1 ueta, eie
shorter will be the distance owhchr which a given decaying overpres-
sure ouill act during the time of that decay. Thus, the energ ab-
sorbed will be smaller and the %-apacity to absorb th's energy will
be less. This action was illustrated previounly in Fig. 7.

It 1A' *1717
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STRAIN STRESS
()STRiSIJTION ACROSS A NOMOGENDMWES MIAL BEAM IN PURE (Nt)iNG

EASTIC RANGEr

VLASTO-I' 5TIC RAW-1

WR-NAROVftNG RANGE

7i;. 9. Distribution of stress and strain across a beam in
pure bending.
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Fig. 10. Xffect of plastic hinges upou the vinmct disty 5bu-
tion along a beam. The uypper diagrcm illustrates ~mnt dis-
tribution along a simply supported boom. The center figure
shows the munt distributi'-' along a fully elast o be-am with
rigid and supports. In the lower figure, plastic hinges
formed at thG ends of the beam permit an. increase in load up
to the formation of a plastic hin go at midspan.
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6. Consideration of Ultimate Strength dJ3signs. In conven-
tional construction, general design procedures utilize allowable
stresses within the structural elements based on a percentage of the
yield stress of the material. Ultimate strength design in conven-
tional construction utilizes the ultimate strength of the material
and to this relates a factor of safety for computation of the allow-
able stresses. The actual factor of safety against failure may be
higher or lower for this t3ypc of design procedure. Failur. may be
considered as yield or as collapse of a structure. In conventional
construction, design is intended to avoid the possibility %)f the oc-
currence of yield. With the high prcssures applied and stiength re-
quirements for protection against the effects of nuclear blast, the
avoidance of yield places too large a requirement upon the strength
of structural elements. Consequently, the design based on ultimate
strength may provide for a more balanced structure in which the
various components are at the same percentage of their ultimate
capacity under design loading. However, with the design of struc-
ture for protection against the effects of nuclear blast, ultimate
strength design takes on a different aspect.

The forces of these blasts are of such a magnitude and
create such stresses that the structures cannot economically be de-
signed so that all reayon•s will be within the elastic range under
design loadtngs. The structures are designed to permit some plastic
defornatior of the structural elements under maximum design loads.
The principal application of ultimate strength design both in civil
and protective construction is with steel as the responding material.
Steel has a strain at failure which may be on the order of 20 or 30
times the strain of initial yield and the ultimate load may be on
the order of 2 times that at which yield occurred (Fig. 8). Within
the elAstic range of behavior the stresses in structural members arm
essentially rroportional to strain. At the ultimate conditi.n
stresses and strains are not proportional, do not vary propoi Lion-
ally, and the distribution of compressive stresses in an element
subjected to bending is nonlinear. Figure 9 illustrates this vAnea-
tio;. I" atresses across a bending member in these various conditions.

7. Use of knpirical Rest-ts. Nuclear weapons effects tests
have included tests on berm configurations, etructures, and struc-
ture and utility components. These tests have proved the ability of
specific structures to provide blast protection and have indicated
the manner and the pressure levels at which these structures undr.rgo
permanent deformation or collapse. Specific szructures of steel,
concrete, and timber in rectangular, ccrnciar, semicilrcular or other
shapes have been teated. Many forms of end walls, entrances, clo-
sures, and entrance configurations have been employed. The '.mpirt-
cal results of these te3ts have been used as the principal design
criterie .or the structural and utility elementq selected for the
de3ign system. These empirical test results have been reduced to

~P s
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components whereby a structure which may have failed may have pro-
vided positive blast protection as far As the design of the entrance
or closure war concerned. Theory which has been developed from the
nuclear tent results or from dynam.c or ultimate strength tests .-3
been used to extrapolate the derived designs for which no test re-
sults upon a similar element were available. The principal closure
desifns are an example of this; both the massive drawbridge door
and uhe designed personnel hatch are saaptions with minor modifica-
tions of similar closures which have received nuclear or high explo-
sive blast testing.

Earth berms cause semiburied structures to respond as
though they were fully buried. Other berms which have been tested
have failed to provide such an effect and the structures have exhib-
itel failure as a result ol the reflected overpressure developed on
the side face of the berm. The designs for berm& which are of a
vide variety have received little comprehensive testing. Hence, it
Is recommended that the ,ce of any berm be discouraged and that
fully buried placement be used. Consequently, no designs for berms
are presented in this report. Likevise, no designs are preseated
for =n aboveground uncovered structure because the ,ies tf the
reflected and drag pressures developed on the sides of such a struc-
ture prohibit such vlacemnt. It Is reccunized that the require-
ments of entrance or subsoil conditions W necessitate aemiburied
construction. Technical Manual TM5-311 presents berm designs based
on positive nuclear test results which will provide the means by
which the buried structure designs may be used for semiburled struc-ture placement.

III. STRUCTURES COMPONMTS DESIGN

8. General. This section presents ftmilies of ,tructures and
structural components which are designed to provide protection
against the blast effects of nuclear detonations at dealgt overpres-
sure levels. The bases for selection and the design critea'ia of the
structural components and basic structures are described. A break-
down of protective structure design into structures and components
enables each component to act independently and thus be designed
using independent criteria. The structures are to be fully buried.
The classification of the structures and components follows:

a. Basic structures.

b. End walls.

C. Entrance configi•ritions.

d. Blast resistant closures and frames.
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e. Do r frame-supporting foundetions..

f. Floors.

The analyses and design of structures and components have
been made by considering the results of past nuclear ard high explo-
sive tests with reference to each of the classifications Just men-
tioned. WitL this pyoer ure, a test which may have caused *-aic
structure collapse may -till have provided positive results alloying
determination of a suitable design for entrance configuration or for
a blast resistant door frame or frame-supporting foundation. Sim-
larly, positive and negative results were employed to bracket the
optimum design or the overpressure at which tuch a structure is
likely to undergo failure. Analyzing te[' rec.-.'ts by components of
the structure permits alteration of the te'-..d tesign in such a
ftahion that the same structure may vithetaxd f'i•ater overpressures
than those which caused failure during the test. This method of
analysis was applied with the eri-teria set forth in the preceding
section to effect the designs presented here.

9. Basic Structures. Basic structures are presented to pro-
vide bl&et resistance when the structure Is in the fully buried con-
dition for any direction of travel of blast waves with respect to
Its orientation. The length of the basic structure is imaterial
because a cross section per;.cadicular to the longitudinal axes can
be taken at any location along %*length of the structure and still
provide full protection against blast forces. To accomplish this
adequately, the structure must have the capacity to vithstaed the
full forces ot the blast across its axis. If longitudinal struc-
tural members are employed, they must bear on a transverse struc-
tural section and should be in independently acting segments or
modules. In ofdition, the end wall must be such that rnegiigiVle or
no fornes are transmitted to the structure in the iogitudina,w di-
rection. Thus, any need for a different design to provide stronger
ends for the basic structrze than for the center section will be
ellm!ettol. The amount of force that can be transmitted to the
str4cture longitudinally by tho end wall varies with the structure
type. For example, a reinforced concrete arch section can withstand
a much higher longitudinal force Imposed by the end wall than can a
section of corrugated steel of similar dimension. All of the basic
structures presented here are independent of any of the choices made
from among the other structural components.

a . Circular Corrugated Steel. Corrugated steel arch ad
circular shapes have undergone numerous successful tests under
nuclear blast overpressure, both as underground horizontal passage
cr shelter structures and as vertical tuben providing entrance from
the surfA'c', to a structure or to a horizontal entrance section. As
the corrugations run in a circumferential direction, a requircment

rT 7 T] .... 
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in tne employment of corrugated steel ts the avoidance of longitudl-
nal thrust or bending stresses. The cural corrugated steel section
is the most efficient material of construction for withstanding uni-
form loads applied radially or tangentially to an arc section.

Curved corrugated steel sections are produced in
nestable sections with £laiuged longitvdam..n 'rnnectians in diameters
up to 7 feet and with bolted lap joints in diamete - up to 30 feet.
There characteristics make the material ideal for field assembly and
present a minimum logistic requirement. Mw flexibility of the co!.-
rugsted bteel in both the longitudinal and circu•ferentlal direc-
tions allows the steel to retain its strength and resistance to *ver-
pressure even with variance in geometry or alignment caused by
settlement or assembly tolerances. In aMittion, when the material
is overloaded and partial failure results, 1n the form of buckling
and distortion of the section, a usable area for passage or occupancy
is left, allowing continued partial use of the structure or entrance.

The design of the buried corrugated steel arch and
circular structures is based upon the mAo of failure of such arch
structures when they are subjected to uniform blast ovcrpressure on
the ground surface. The bases of the design are the nuclear tests
In which the stru .arca responded and failed in the compressive mode.
The compresbive mode is that in which the entire stracture Is placed
in compression tangential to the circumference. During nuclear
tests, structures failed in this compressive mode of response; the
steel plate yielded under bwaring of bolts at longitudinal seams.
Structures which had been plazed and teote" so that a large nonuni-
form load was placed upon them (abovegrow structures for which the
berm was insufficient to secure undergrowu- reeponse characteristics)
failed by buckling of the steel section. failure in the compressive
mode f')r such structures presents a much sore readil calculated
ultimate strength for the structure. * hs poitts W imata strength
calculation to be made on the basis of the strength of the bolte4@
longitudinal joints for the various thicknesses of material and
spacings of the bolts. When a buried structure is subjected to a
uniform load as a rcsuIt -f overpressure applied at the surface, the
component of stress tangential to the section and that which creates
the failure of the longitudinal seens vary directly with the redius
of the structure. In contrast, the resistanse of a structure to
nonuniform loads creating buckling and requiriag the section to re-
sist in flexure varies with the square of the span. In .the' wro.•As
as the span increases the same section ba resivtance to !lexur'.-
which decreases inversely with the square root of the spe". Nuclear
test results have shown that a structure of 30-foot diameter subject-
ed to fully buried conditions failed in thc compressive mode. This
result, and the described variations In resistance of the structure
ti flexui'e and failure in the vompressive mode provide the basis for
assuming failure in this mode of properly placed corrugated steel
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arch structures with radii of 15 feet and less. Those steel atruc-
tures which were tested and which failed in the compressive mode
were exposed to side-on overpressures ranging from 60 to 200 psi.

Static load tests of the bolted joints of corrugAted
steel plate of different thicknesses (the steel employed ha• a yield
stress of 27,000 psi to 28,000 psi) and spacing of the bolts were
used to define the ultimate strengths of the various gage ..Lates.
Based solely on these data, a graph was prepared which related a
uniform overpressure to the radius of the structure, from which a
thickness with a standard bolt spacing required for blast resistance
could be selected. Figure 11 was developed on this basis, using the
yield strengths of the bolted joints. The results of all known
nuclear teots on corrugated steel arch or cir~ular seetlns were
plotted upon this graph as a check of its validity. Thus, the chart
was checked by comparing overpressures which this material had with-
stood or under which the material had failed to the overpressure
designated for a specific radius and thickness of corrugated steel.
Test results have not been of such quality that precise failure over-
pressures cAn be identified; these pressures have been brackete
for certain radii and gages of steel, however, and have indicated
that overpressure (approximately twice that indicated on the graph
derived as just stated) wvlA be required to cause complete collapse
of the structure. IlTe chart was checked against corrugated steel
structures of li-foot to 15-foot radii and at overpressure levels up
to 200 psi. As can be noted on the sraph of longitudinal se*a
strength (Fig. 12), an increase in strength may be obtained by using
six or eight bolts per foot of longituiinal seam. The four-bolt-per-
foot spacing is American standard, but the six- or eight-bolt-per-
foor patterns require special order in most sizes. The availability
of test data, the desirability of using the standard pattern, and
the limited strength increase with additional bolts were fac'wors
which determined that the design graph should be based on th& four-
bolt-per-foot pattern. As the flanged corrugated steol section pro-
vides a higher Ptrength contact between adjacent plates than does
the Uppesd and bolted plate, the graph provides a slightly higher
factor of safety for these 4ections. Test data upon which to refire
the graph further for this type of section arc not available; how-
ever, the graph should be suitable for the design of these sections.
Although the graph was developed using the computed ultimate strength
of the sections, the nuclear test results justJfy its use and indi-
cate an approximate safety factor of two for overpressure on the
surface. It is believed that the principal factors which allow tUa@
iucrease in strength over the comput.ed ultimate strength for the
buried structure are the attenuation of side-on overpressure, with
depth, the relatively long response tire for a buried strun+ure in
which the earth surrounding the structure acts with the responding
structu':a'L section, and the higher dynamic yield stresses of steel
under dynamic loading.
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AIM'

3U~. 12. Corrupted steel longitudinal "mr strengths. (based,
on a figure by and published with peruidsion of Aruco Drainage
& Mtal Products, Inc.)

In the design grapha, entrance sectionse within 3 root
of the earth'* surface should be selected usirg two time the d-sliu
overpressure for entry into the graph. This pz'ovision'ii made t.-
allow for the reduction In overpressure within the first few foot
from the surface and the absence of a largo earth mass responding in
conjunction vith the structure, as indicated by ftee-fiel~d under-
ground pressure testing and~ by nondestructive vibration tests.
Therebyr, as an exampit, In a design fur 50-psi side-on overpressure,
a section using 100 psi de~iip overpressure would be sel.ected.
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A variation of the sectional circular corrugated.
steel plate (2-inch depth with 6-inch pitch) for employment as
horizontal passage configurations or as Uml size emergency per-
sonnel shelters is the cattle pass section. Figure.13 illuzetratrý'
the cross section of the cattle pass WG Table I presents standard
sizes of this section. Such sections have received some. tests
under nuclear blast overpressures.* With the results of this test-
ing as the basis, it is recoimmended that the circu.1thr desIgi chart
(rig. 11) be employed for steel thickness, selection !or the cattle
pass.* Half the span of the cattle pass section should be employed
as the radius for entry into the graph. Such structures should
only be employed in horizontal orientations and with the flat bacr
downward. These structurms of 7-foot 8-Inch rise 10-gpag teel
have withstood nuclear blast surface side-on overpressures up to
154 psi without significant dampgeand, *aen available, make an ex-
cellent section for horizontal passageways.

Circula~r -mA arch corrupted steel sections provide
the best basic structurs. hkse of design, construction, wAc trmns-
portation make steell aections the ideal material flor field usage.

Fig. 13. Corrug!sted steel cattle pass cross section. Table I
contains standard dimensions for this sdction.

MII 111ý:m~o :M 111 1II w-a-I1 jjIj
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Table I. Typical Dimensions of the Cattle Pass Section(a)

Span Rise N Required(b) Inside Radii (in.)

(.'t-in.) (ft-in.) Total Top Sides Rt Rs

5 - 8 5 - 9 24• 5 5 27-1/2 53
5 - 8 6 - 1 25 6 5 28-1/14 63
5 - 9 6 - 6 26 7 5 29-1/2 75
5 - 9 7 - 0 27 6 6 26-3/4 81-1/2
5 - 9 7 - 4 28 7 6 28-1/2 95-1/4
5 - 10 7 - 10 29 6 7 25-1/2 100-1/2
5 - 10 8 - 2 30 7 7 27-3/4 116-1/2

(a) Refer to Fig. 13 for the cross section with dimension
descriptions.

(b) N is the net lergth of plate longitudinal to the corrugations
expressed as the number of standard 9.6-inch spaces between
bolt cea-ter lines. Thus, the perimeter dimension is total N
times 9.6 inches. (The figure 9.6 inches is derived from use
of one bolt for each 3 inches of diameter for a circular
section.)

b. Corrugated Steel Arch. The design of the steel arch
structure employs the steel gage and assembly described in paragraph
a, "Circular Corrugated Steel." V-riation in design procedure oc-
curs in the requirement for a footing for a bearing of the edge of
the structure. Response of the structures is such that no benefits
are brought about by use of a tied arch or by obtaining end fixity.
Consequently, the footing is designed to fulfill the requiro.ents of
the static earth load and to minimize differential settlement under
blast loadings. Permanent settlement under such loadings actuxily
lengthens the response time of the structure and thereby increase
its dynamic capacity; the steel plate continues to respond as an
integral flexible arch and the yielding of the footing absorbs en-
ergy. Footing designs for stru=.turee of varying spans are presented
in Figs. 14 through 16.

The designs of the footings illustrated are based
upon the results if tests on footings of reinforced concrete fnr
norrugated arch structures. Such footings have beer tnbted at a
wide range of overpressures and structure spaus. Significant fail-
ure of the footing has not taken place although permanent settlement
has occurred. The Junctioi between t%-. footing and a concrete floo:"
poured integral with the footing frequently has failed. The footing
designs rrovide adequate bearing areas for minimtum. settlement of the
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Fig. 124. Timber footing for corrugated steel aroh structures.
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Fig. 15. Rolled steel footing for corrugatedi stael arch structures.
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71S. 16. Concrete footing for corrugated steel arch structures.

structure under static loed conditions. All of the designs are in-
tended to provide continuous footing below the edge of the structure.
The proved resistance of the reinforced concrete footings was used
to establish width of footing and a minima secticn nmdulus •or sub-
stitution of timber or at.'] sections as footlnj,. 7- steel section
has Iri•ter flexural strength than is required to provide sufficient
bearing area.

Of the three designs presented, the timher il most
suitable for field usage. Timber is a resAily vorked material and
requires no curing or other time delays inhorent in concrete con-
struction. Substitution of steel section for that presented should
be made on the basis of maintaining a steel thickness, not subject
to adverse veathering effects; and providing adequate bearing oAd
depth (1-foot deyth is considered to be a ait,-m).

at Circular Reinforced Concrete. l'uclear blast over-
pressures acting on the ground curface generally crate normal
forces on the surfaces of buried structures and cause circular or
arched s9ructural shapes to be most efficient in withstanding theme
forces. As previously illustrated, a circular lightweight corrigated

MMP
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steel section may withstand extremely "iigh overpressure because of
the type of resultant stresses which are compressive, tangential to
the circumference, and, usually, without bending. The relatively
high strength of reinforced concrete in pure compression would uidi-
cate that it should b% an excellent material for circular arch blast
resistant constructio. One drawback is the difficulty of field
forming, bending, and placement of reinforcing steel. Thus, a pre-
fabricated circular section, such as reinforced cc -trete pipe, may
form an effective and readily placed blast resistant module for use
In entrance configurations or small structures. Such pipe is usual-
ly locally manufactured and is commonly used in sewer or culvert
construction. Industry-vide standards of construction, geometry,
strength, and reinforcing increase the feasibility of using the pipe
sections for blast resistant construction. Nuclear test results on
such pipe with blast overpressures up to 136 psi have proved the
feasibility of the material and justify its consideration in this
report.

A theoretical analysis of the behavior of a circular
reinforced concrete section to the shock overpressures Is illus-
trated in Fig. 17 and described as follows:

(1, On the arrival of the shock front, a nonuniform
loading is applied to the circular section. This loading con-
sists of the shock pressures acting on the upper portions of
the section and the earth reaction acting upward on the lower
part.. atructural response to this loading Is an initial ellip-
tical deformation; the actual deiwrmation is counteracted by
bending resistance of the concrete section and by confining
earth pressures. If the section has insufficient bending re-
sistance, cracking is likely to occur at the qtu.rter points, as
Illustrated.

srtr (2) After the initial peak shock has passed, the
structure is enveloped by a unifom radial pressure which de-
cays as the aver-,ressure. The respons. of the structure is
the developmesit of a uniform compressive load, twigential to
the circumference, with a resultant tendency of the structure
to retain its circular shape.

(3) Negative pressures •y occur in the structure
during the negative phase of the blast overpressur'. er.nsi.e
resistance may be required or the reatction to the evdden ':pli-
cation and release of tho load may cause an elastic rebou• in
the concrete necessitating tensile atrength. Such an action
could cause a uniform shattering of the material or more likely,
an enlargement of cracks which may have formed during the ini-
tial loading phase.

Al..
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1147ýSHOCK PRESSURE ON STRUCTURE
SHOCK EARTH PRESSURE

STRRUCTURE
PRIOR TO

SHOCK ARRIVAL

REACTION TO SOCN LOADING4

SHOCK PRISSM ON STRUICTUft

ME LPED MOWN? DISTRIBUTION

Fig. 2i(, Ideaizedl interaction of earth shook a"4 a circular
concrete i.tructure.
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Nuclear and nondestructive tests confirm, by the re-
sponse of the .-.ructure, the deformation, and the crackIng, that the
structures do respond in both flexural and compressive modes and,
consequently, require flexural steel reiniforcing. The mecha;iZcal
properties of the sec2tion studiCd in these teoto are set forth as a
basic structure for a 50-psi side-on overpressure region. This sec-
tion withet ,od 126-psi side-on overpressure, during which J-inch
cracks were formed at the quarter points. At 5'-psl side-on over-
pressure, the cracks were slight and no deformation occurred. A
cracked section causes a reduction in the resistance of the stric-
tural section to subsequent nuclear blast loadings. Later response
would have a tendency to ce in the flexural mode. This fact ;& ?ir-
tially confirmed by nondestructive testing. On this basis and the
desirabi.lity of a factor of safety, a reduction of strength of the
tested section for the 50-psi region of design was. not considered
justified by the empirical tests of the presented culvert section
(Fig. 18).

The section shown in Fig. 18 Is of less strength than
that specified by American Society of Testing Materials (AETM Desig-
uation: C76-57T) design requirements for Class I reinforced con-
crete pipe. The other AX.M specifications for reinforced concrete
pipe, Classes IT through V, provide still greater strengths. Rein-
forced concrete pipe is graded by strength from a loading test. The
results of this test are expressed in pounds per linear foot per
foot of diameter as the "D-load to produce a 0.01-inch crack" and
the "D-load to produce the ultimate load." The testing procedure
for acquiring these "D-loads" is shown in Fig. 19. The identical
tested structures which withstood loadings adequately from one nu-
clear blast up to 126-psi side-on overpressure, had D-load to pro-
duce a 0.01-Inch crack of 750 (pounds per linear foot per foot diam-
eter) and D-load to produce the ultimate load of 1.100 pounds. The
respective D-loads for Class I pipe are W5 end 1,.00 pounds; for
Class I1, 1,000 and 1,500 pounds; for Claus 111, 1,350 and 2,000
pounds; for Class IV, 2,000 and 3,000 poundsj and for class V,
3,000 and 3,750 pounds.

Mhen reinforced concrete pipe is available and the
method of manufacture is not known, the D-loads should be determined
by test on a sample section. As the computation of the D-load pro-
vides for the effect of varying strengths for different diamater sec-
tions, those pipe sections which meet 750- and 1,100-poutnd D-loAings
for a 0.01-inch crack and ultimate L3ad, respeetivcly', may be 'onsid-
ered adequate for 50-psi side-on overpressure. Thit. fwv-, is true in
horizontal structure or in vertical entrance employment for all diam-
eters of a section. Provision for strnn,'er sections close to the
surface is not considered r.ceesary because of the prooable reduced
magnitude of flexural action when the shock is traveling parallel to
the longitudinal axis of a vertical enti'ance section.

i ii
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Fig. 19. D-loed test for circular concrete asetioE

d. Ti~or. Unmited toots have been made in whi
timber struutures Ye been subjected to nuclear blast load
the point of complete collapse. Failure of structural roof
bas been in both tensile and compressive nodes in bending a
sontal shear. The bending failure predominates only on tho
of the opens tested, that Is, 9 foot. TL*e absence or oomp3
data. and Informstion by which a fully proved i~plrlcal dowl
my be formulat(d is insufficient cau-it to r lect the advazi
timber strictures for protecti.ve constriaction.

Timber 41* construction material which In rem
worked ams assembled with field tools and without heavy lit
equipmnt. It is generally available, is familiar to field
struction, and provides many uidp advantages tor military v
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Fig. 19. ID-load test for cfroulwt uogcrjto sections.

d. Timber. United tests have boon made In whioka buried
timber striuctur~Xem7~ been subjected to rnuclear blast loading up to
the point of complete collapse. Failure of structural roof mesbers
has been in both tensile end cmpressive modes in bend and hon-
sontal sheaw. The bending failure predominates only on the longest
of the spn tested, that Is, 9 feet. The absence of complete test
data and information by which a full~y proved empirical deviigr systema
my be formulAted 1s Insufficient cause U', reject the ad,4atga of
timber structures for protective construction.

Timber is construction material which Is read¶ily
worked and assembled with field 4oole and without heavy lifting

equir]ont. It Is generally availrble, is familiar to field con-
strwition, and provides many side advantage, for military utilizatiort.
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Timber has a high dynamic strength and a flexibility, both in the
individual members and in assembly. It has a bigh-energy absorption
past initial yield or cracking, whf ch can allow a structure to re-
main usable after conditions of failure. This high dynamic strength
and long "plastic" yielding range of a structure assembly after par-
tial failure is especially advantageous for the short-term initial
high peak loads imposed by blast pressures. Thus, although a design
should avoid yield (for example, cracking in horizontal shear) under
the design overpressure, the resulting structure would pro de pro-
tection for much higher overpressures on a one-time basis. After
yielding and deformation has occurred, however, the resistance to
subsequent blast overpressures would be greatly reduced.

Because of the variety of timber emp? 3yed for struc-
tural purjoses, a design based on one set of allowabla stresses
might be overconservative or unsafe if another type of timber is em-
ployed in construction. Strength properties of common structural
woods are presented as Table II. Military working stresses for
Douglas fir and southern pine are as shown here. (Cf. Field Manual
5-3o, Section VII.)

Bending: 2,400 psi
Shear parallel to tbi grain: 150 psi
Rearing perpendicular to the gain: 500 psi
Modulus of elasticity: 1,600,000 pai

The procedure used for design Ic to select representa-
tive values of allowable stresses, correct these values for impact,
and develop an appropriate design procedure which may be altered to
suit the strength characteristics of a different variety of timber.

This design of timber installations is based upon
fully buried structure placement, 50-psi side-on overpressoee at
surface, and average values for allowvble extreme fiber stress and
in horizontal shear. Computations art based on these average.: An
allowable f'.1er stress of 2,000 psi in bending; and a horizontal
shear stress of 130 psi. The strength of timber varies to such an
extent, dependitg on type of wood, grade, and condition, that the
results obtained in the presented structures should be verified as
to applicability for field use. Permissible spans or timber thick-
nesses may be varied by recomputation of span or depth criteria for
lumber of varied strengths. Simply supported, uniformly loaded beam
conditions are uqed. Design is based on a l-.nch-wide section of
depth, h; clear span, L; and r uniform dynamic load of w (psi),
The allowable stresses are raised by 100 percent to ea11• for the
increased resistance of timber to impact loading, resulting in a
design f, extreme fiber stress in be.!ing, of 4,000 psi, cr-l H,
horizontal shear stress (shear parallel to the grain), of 260 psi.
The valiity of this assuciptlon with retention of a factor of safety

"", 7.
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may be checked by reference to the impact stresses in Table IL. The
following expressions are used to dete~mine span and depth relations:

R . 3

2bh

in which

V a total vertical shear at distance h from support

b a breadth of beam equal to 1 inch

611

bh2

in which

It* maximam bending moment, taken equal to 1/8 wL2

Roof sections are designed for full side-on overpressure (50 psi);
and vertical wallis are designed for one-half side-on overpressure
(25 psi). This va~.4e presupposes loss than Ideal backfill condi-
tions.* Nuclear tests have Indicated vertical wall p%*ssures may
range from 25 percent roof pressure under excellent (highly comn-

* pacted) backfill conditions to 100 percent roof pressure with a
water-saturated backfill. The overpres sure values have been em-
ployed as w in the following relations:

Horizontal shear.-

L
w 50 psi h.B m~inimum

w 25 psi h L iix

Flexure:

f 4oo n M 0.75 wL

;h2  h

T7- WO 7 7
K4
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w 50 P ei h u L m n mi u

W 25 psi h-~ 5 snma

The results just given provide design criteria that the span must
not exceed 8-3/t& inches per inch of depth for 50-pal loads or 12-1/2
Inches per inch of depth for vertical wall1 sections.* Variaztions in
these design criteria may be made by substituting for H and f other
working stresses for the actual timber employed.

The design criteria developed here vere used for
structures (Figs. 20 wad 21); for selection of timber for the end
vall (Fig. 18)j and for entrance shafts (Figs. 22 and 23).

Use of lumber In oseiprrminent underground construc-
tion requires moistu~re,, insect, and decay protection. Lumber which
has been treated with a petroleum-based preservative by a pressure
process my be employed in direct contact with the backfill. The

414

I PER

Fig. 20. Basic timber structure 1 vi~¶th of passage.
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VERTICAL TIMBERS
BOLTS Va"XIO, 4"x 4
I EACH TIMBER

00f 3WIME

t

IFS 22.6 Til2 shaft 3SheeObW3Nfet

tha alutsufi ces 22. given safdt, onal protectio3 .Theeet.

oetr ofeu-bsathese pesesrvatives Icomyn bse obrecwtironable, con.iu

oeutfceventilatthseomus ben thvied areusditoa morsthre bascotrection

(frexampned for spreseiatil painting iit the pildossiblre retuireion
ofthat allcutsufcsbgveeitna protection. The motetnsvl seae olu-l

wood preservative, zinc chloride, is relatively inexpensive, is
odorless, holds paint, and precents no fire hazard. Sodiun fluoride,
to zinc chloride, is similarly acceptable, but Is not in extensive
use. Princl-'.&l water soluble preservatives such as arsen~ic, mer-
curic chloride, and copper sulphate, in use in &""ope and, t- eome
extent, in the United States, are not suitable for undergrolund con-
struction. Arsenic and mercuric chloride are poisonous, and mer-

cu!-ie thloride and copper sulphate corrode Iron and steel.

Deadmen should be petroleum-bpase treated or heavily
coated with an asphalt or tar.* Exterior sh~eathing timber should be
insect and decay resistant and be proteated by a waterproof covering
of roofing or paint. Interior structural memibers should be made in-
sect resistant by preservatives or by thorough painting and shield-
ing. Footings sLould be giver. protection equi4valent to that~ pro-
vided tar deeamien. Generally, the ground over the structure 6hou±j1
have good drainag away from the area.

Lumber may be employe4 as an alternative construction
material. to straight corrugated steel plate for sheathing end walls
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and some basic structures. Table III bpecifies thickness selection
for the lumber alternate eSd is based upon an allowable fiber stress
of 2,000 psi in bending.

Table III. Comparison of Corrugated Steel and Lumber
As Sheathing Materials

Corrugated Steel Sheet(a) LuA.fer
Maxi u Thickness of

Gage Section(b) Momentmbi(c) Lumber to Provide
U.S. Thickness Area(b) Modulus in.-lb Zquivqlqnt
54. (in.) (In.2 ) (in. 3 ) All. ,wi.ith-. Strengthtd) (in.)

12 0.'046 0.1297 0.0574 1550 2 - 3/16
10 0.1345 0.1669 0.0732 1970 2 - 1/2

8 o.16414 0.20141 0.088 2400 2 - 3/4
7 0.1838 0.2283 o.0o8 9  2660 2 7/8
5 0.2145 0.2666 o.1147 3100 - 1/16
3 0.2451 0.3048 0.1303 3520 3 1/4
1 0.2758 0.3432 o.1458 3930 3 142

(a) Standard heavy corru,-tion pattern: 2-inch depth with 6-inch

pitch.

(b) Per inch of horizontal projection.

(c) Maximum fiber stress used: Steel 27,000 Psi
Lumber 2,000 psi

(d) Based on same average stresses as those used in design for
timber basic structures.

10. End Walls. End walls are designed so that they do not
restriet or determine the level of blast effects a structure can
withstand without failure. To fulfill these conditiuns an end wall
must be capable of withstanding surface side-on overpressures higher
than those at which the basic structure will fail. Furthermore, it
must not place loads upon the basic structure which will increase
the overall vulnerability. Desirable characteristics of an end wall
are ease of construction; construction by reafily available or
easily transportel materials; ability to provIde access to t•,
jasic structure for entrances, alcoves, and utilities; etnd ability
to yield to unusual loading conditions without complete failure
(high-energy absorption after initial yield). ftd wall designs
which employ the results of nuclear or high explosive tests are ae-
veloped o- presentod here.

~'1
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a. Deadman-Supported End Wall. An apparent solution to
avr'id weakening of the basic structure by an imposition of forces by
the end wall is to design the end wall to act independently of the
structure. The prime purxse of an end wall is to provide an inte-
gral restraint to earth infiltration into the structure. Thus, such
an end wall must provide a seal against the earth action, yet be in-
dependently supported. An end wall of this type would be used with
a flexible basic structure such as the corrugated steel and timber
sections which have restricted capacity to withst&,, longitudinal
loads.

The designs of the enclosed end walls (Figs. 24
through 26) esiuloy sheathing to hold the earth-transmitted pressures,
a frame for transferring the load from the sheathing to the connec-
tions from the deadnen; and deadmen and footing for horizcntal re-
swraint. As shown in the figures, various mater'.sas may be used for
the sheathing, the frame, and the deadmen. *nd valls of construc-
tion and materials similar to the designs have withstood nuclear
blast surfac: side-on overpressures up to 100 psi. The empirical
results of nuclear tests have shown that the capLcities of deadmen
under such dynamic loading far exceed those aomputed fmp. static
procedures and, consequently, the deadman design is be.sed solely
upon these tests. Specifically, the deadmen have been designod to
provide a bearing -rea and resistance to tie rod withdrawal that
make the strength of tU.e tie rod the critical eleient of the re-
straint system.

With the exception of the deadmen and the employment
of dynamic yield stresses, the end wall design is based upon a large
equivalent horizontal pressure. The pressure depends on factors of
earth berm configuration for semiburied structures, stde-on over-
pressure at the ground surface, and type and compaction of t-he roll
backfill. Theoretical approaches state that the pressure upon a
vertical fully buried wall should be taken as one-fourth the side-on
overpressure for backfills of cohesionless soils, either dVmp or dry;
one-half the side-on overpressure at surfaca for backfi)l1 of cohe-
tive soils, not saturated; and as high as full side-on overpressure 9
for fully saturated ;oils with the water table close to the surface.
The importance of backfill selection and placement and of stru.cture
placement in a well-drained area is emphasized by these coefficients.
To allow for variation in the backfill and to preilde'& stseture.Abe
strength of which Is not limited by a critically designed end vall.
a factor of one-half the side-on overprtissure at the surfnce ias seen
employed for those end walls not based on test restults.

b. Structure and Deadman-Supported End Wall. Concrete

structures and flexible structures of relatively am 'l cr-ss sec-
tional area may employ end walls which bear longitudinally upon the
bahsic struaLure without m-teriaily reducing the strength. Such

.W_ 
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Fig. 26. had vail footing details.

end vails may be of reinforced concrete, timbers or corrqgate't steel.
Corrugated steel or wood sheathed end weils, In e-nerr'1, woall re-
quire a steel or timber framing. Wide spans of thber my also be
framed. MAd walls representing ail of the types mentioned her-- havre
suc!!essfully withstood nuclear blast surface side-on overpressukem
of over 100 po.1 These empirical results have been used to design
end walls illustrated in Figs. 18, 29, 3o, 148, 51, and 53. The end
wall In Fig. 18, employed with rA circular concrete st.""ture) m~y be
used with identical placement and bracing for corrupt td steel cir-
cular end cattle pass sections up to 8 feet In disaster. The entire
deadmn -supported end wall (Fig. 214), for structures with radii of
10, feet or less mry be employed as a structilre-supported end "i
"itAh similar bracing, sheathing, deednan, footings, and tie rods ~,
structures with radii of 13 feet or umre.

Structures of l2j-foot .iadius bavo been thor~,,,gh4y
tested employing structure -bearing, timber-framed, and deadmen-
supportel end walls (Fig. 27). Other end wall desimas details are
shown ir. Fig. 28. Similar end walls may be used for rectangular and
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semicircular structures with heights ov radii equal to or less than
121 feet. A double horizo.ital beam frame with two tanks of tie rods
(Fig. 25) should be used in structure-bearing end walls for rectangu-
lar structures with heights 13 feet or more.

Selection from the designs presented for deadman-
supported and structure- and deadman-supported end walls for a given
baric structure design depends on the cross sectional area f the
basic structure; the material of construction; aditional aecond-
ary deaign requirements placed upon the end wall (sr-h as provision
of a weans of access); and materials available for end wall con-
struction. A su.mmary of the designs and their principal use is pre-
sented in Table IV for selection guidance.

.. Earth at Angle of Repose. Basic stuctures with low
heights and certain entrance configurations may employ an eni wall
which consists of compacted earth placed at its angle of raose.
This ',ýe of end wall has the ad~antage of providing a MeLas of en-
trance to the structure free of shear and differential settlement
forces and avoids the use of a constructed and wall. Disadvantages
are related to the undesirability of an open earth face and the
necessity for a much longer basic structure to provide required
floor space. The earth en,* wall has not been tested under over-
pressures from nuclear detonations, but with its use some of the
adverse effects that rigid end walls have had on basic structures
in such tests would be avoided.

Design of the end wall is to be accomplished in the
field by determining the angle of repose of the earth (dry) to be
employed. This is the end wall slope, even though batting or sand-
bags may be ueed to provide a dry vearing surface. The top of the
earth fill must extend at least 2 feet inside of thi end of t"e
structure. This type of end wall is shown in Fig. 49. Condi.:lons
which would favor the use of such an end wall may be the absence of
suitable construction materials; time limitations aoupled with a
basic ottructure of prefabricated and rapidly placed material;
necessity for avoiding shear forces on utility lines entering the
structure; or constructicn by tunneling instead of cut-and-cover
methods.

11, Entrance Configurations. Entrance configurations are in-
cluded as components requiring design consideration exclusive of the
materietls of construction or the type and fonantion of closuýe8s.
Katerials are selected from the basic structure section prosented.
Therefore, the plans provide some illustration of the structure de-
sign procedures. The principal consideration in tb. design of en-
trance configurations is the extremely nigh reflected pressure that
is developid upon surfaces that obstruct the passage of the shock
wave upoi, the ground surf'ace. Figure 1 illustrates the amplification

17i 31.~-
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of overpressure upon reflection from surfaces at varying angles of
incidence. Fntrances that have the closure flush with the hori-
zontal surface avoid the development of pressures greater than those
6f the side-on overpresure. Variation occuw-s when an entrance clo-
sure may not be completely flueh to the surfacc because of design
and mechanical considerations. For example, the hinges and ribs on
the closure may reflect the blast wave so that the rcultant average
pressure on the closure is greater than the side-on overT"'•s.,ure.
Some modifications made to tested closures in paragraph 12, "Blast
Resistant Closures and Frames," are based on the avoidance of loca-
lized reflected pressures. In addition, it is desirable to have
vertical entrance so that the passage to the closure may be normal
to the ground surface. Structur'e close to the surface should be
kept to the minimum length possible. The entrance passage is pri-
marily subjected to horizontal (lateral) earth pressure loadings
which are on the order of one-fourth to one-half the magnitude of
the overpressure developed on a horizontal surface at the same depth.

Other oonsiderations are necessary when a horizontal an-

trance section is specified. Under these conditions, an entrarce
configuration must be employed so that the basic structure iq •ully
buried (for example, a ramp entrance) or has an earth berm suffi-
cient to create fully burred conditions. Furthermore, the initial
entrance eection from the closure requires special design considera-
tions for reflected overprossure developed upon the berm. Maximum
earth cover over this section is dei.rable. The use of vertical
shafts and lifting equipment, therefore, should be thoroughly in-
vestigated prior to the design of any upstanding closure and accom-
panying horizontal pasage.

Blast closures in series are desirable in rersornen enel-
ters. Reliance on a single closure could be disantrous if .1t were
open at the arrival of a bla3t tnave. Single clýaurc• should be em-
ployed only on nonpersonnel shelters or on emergency shelters where
the occupants of the shelter are well drilled in structure utiliza-
tion. A high degree of training must be maintained, even with 1.ne
uae of two personnel blast closures, Wo ensure continuous protection.
Two blast closures are ineffective unlese a signal procedure is
planned or a guard is present to see that no more than one c!oe,.ae
is ever open at one time. In addition, a double closure configura-
tion could provide a well-isolated radiation decontamination area.
Such considerations should be taken into accoumt when a selection
is made from the various entrance configur:.tions.

Different entrance configurations, with the designs to be
employed in the selection of the materials of construction, are pre-
sented here. The selection of a specific entrance configuration de-
pends or the typc of structure and tha materials available. The
degree to which the entrance configuration selection is dependent on

S: .... .... • .. .... ... . .. .. .......... . . . 2 • I • ,,vk .•: .. •, • I,, ••;• ... .. . ... . .
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structure use is such that entrance coifiguration is treated both hs
a structural component and as a utility to be selected directly from
the structure utilization guide.

a. Vertical Tube to Horizontal Passage. The greatest
resistance to nuclear blast overpressure is obtaine, by the use of
a blast closure flush with the ground, in conjunction with a small-
diameter vertical tube passage, leading to a hori2 -nal circular one.
This entrance configuration has been tested using various structural
materials at ,verpressures up to 150-psi nide-on overpressure without
damage. The configuration shown in Fig. 29 is an adaptation of the
tested designs to provide a transition between the vertical tube arl
the horizontal passage. This plan permits more rapid entry or exit
than is possible with the designs tested in the field. A variation
of this design and one which p;,*Ides an air lock is shown in Fig.
30. The illustrated configurations are examples. Their dimensions
may be varied to permit additional use of the horizontal section or
to allow passage of largei items through the vertical tube. Selec-
tion of the end wall for the horizontal aection should be the same
as that described for the basic structure in the preceding section.

Variations from the illustrated section may be made
by the substitutit.A of circular prefabricated concrete for either
horizontal or vertical sections or by the use of tiaber, such as is
shown in Figs. 20 and 22. Smll-diameter or specially designed
basic structures may employ a vertical section which enters directly
into the structure. Such a vertical tube would be as shown in Fig.
29. Use of this tube, however, is undesirable in any personnel
shelter because of the high initial radiation permitted by the con-
figuration. A variation of the safety steps could be a straight
steel bar placed as shown for the emergency exit (Fig. 32). The
steps may be placed after construction and secured b:. nuts or welds.

t. Vertical Shaft to Horizontal Passage. A verticaL
shaft is the best blast resistant means of providing entry to a pro-
tective structure for passage of bulky equipment. If poscible, a
large rectangular or circular shaft should be used in lieu of a
horizontal entrance from the surface. A large pressure redu-!tion
is obtained for blast closure desip, by not using a horizontal en-
trance. A suitable rectangular vertical shaft construction is il-
lustrated in Fig. 23. Use of such sections in conjunction with, a
horizontal passage is shown in Fig. 31. The horizontal 3ectl.on r•y
be of any compatible design or matericl. A corrugated st-tel vt"i-
cal shaft is shown in the design of an air fiiter'-genera.or alcove
(Fig. 48).

c. Horizontal Entry from Surface. A horizontal entry
leadirg by a pasBage or ramp to the basic structure is inadvisable.
Such an entry should be considered only when the utilization
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requirements of the structure require vheeled vehiele access. Ex-
terior walk-througi personnel hatches of a size sufficient to with-
stand the probable reflected overpressures are so massive thAt hand
operation is extremely difficult. The doors would weigh 60O pounds
or more and would be subject to jaming or blocking as a result of
blast action or acc'.nulation of debris.

For the situations where the use of . horizontal en-
trance is unavoidable, the entrance section must be designed to
withstand the reflected pressures developed on the berm flanking tbe
door. In addition, the thruit of the door frame foundation must be
resisted either by the entrance section or by a separate bearing
frame. Except for reinforced concrete sections, It is recomended
thAt a separate bearing from be used.

The •ncrease in pressure caused by reflection on a
vertical face in the line of the blast wave Is indicated in Fig. 1.
For 50-psi side-on overpressure, a reflected pressure of about 200
pot may be developed. The selection of circular or arch corrupted
steol sections from the design graph (Fig. 11) should be based on
the reflected overpressure. The graph is valid for extension of the

side-on overpressure scale beyond 100 psi, the limit shown. A read-
Ing for 200 psi oc.Ld be m=de by "folding" the vertical scale. In
operation, a plot could be made for 200 ps divided Ivy 10 or 20 psi,
for the applicable radius structure. A P line would then be drawn
to the right and down. At the intersection with the lO-ps1 line, an
ordinate would extend the point to the 100-psi line to specify the
required thickness of steel. For a horizontal entrance from the
surface, the cattle pass section should be designed using a the
radius for entry Into the chart, the actual radius of the long arn
segment at the side of the section (Fig. 13 and Table 1).

Illustrations of horizontal entrance czafigurations
ar given in connection with door fram-supporting foundat:nns (?tgs.
Sand 45). The increased pressures from reflection of the blast
wave necessitate use of small cross sectional passage areas and en-
courage the use of light, hand-pushed rail cars on removable track
ard similar equipment to transport heavy objects.

The general vulnerability to initial radiation of a
stralght-in entrance section from the Cround surface makes the basic
structure unsuitable as a personnel shelter. The high r'isk Cf 1s%-
sing a re.atively large door requires bbat a structure esm 1,oy!:L
such an entrance possess a separate vertical entrance.

4. Entrance throupý. an Exposed End Wall. There are a
few reasons for which direct entrance from the surface into the
st•ructure through an exposed end wall may be necessary. Space limi-
tations or con3truction of storage for high-priority hardware in

r~
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rock may rcquire such an installation. Othert-Ise, R sepa.,ate and
independently acting entraince passage to the structure should be
used. Principal adverse effects of an entrance through an exposed
end wall are the extremely high initial radiation within the stir:-
ture resulting from the relatively poor shielding of the closurs;
the large longitudinal load with which the end wall bears on the
structure under blast loading; and the problems inherent in a door,
"frame, and foundation subjected to the reflected blast ovc. pressures.
The design of an exposed end wall has not been made a subject of this
study; however, Figs. 38 and 39 for the massive door and an exposed
concrete wing wall show some of the problems involved in this type of
entrance.

e. Filled Tube Emergency Exit. Any struc~ture may be
provided a blast proof emergency exit by the use of a corrugated
pipe filled with sand. Such installations have been tested with
success at high nuclear blast overpressures. Illustrations of this
type of exit are given in Figs. 32 and 33.

Although corrugated steel is recommended. a blast re-
sistant emergency exit my be built with precast concrete pipe or
timber shafts filled with sand.

In operation, the emergency exit provides a means of
escape without requiring full-scale excavation. Personnel trapped
by partial failure of the principal entrance, for example, by jam-
ming or blocking of the closure may, with some effort, escape from
the structure. The sand is shoveled from the lower end of the emer-
gency exit to permit gravity evacuation of the column of sand. Care
should be taken in selection of the fill to prevent packing within
the column which would hinder removal. Also, silty fines could fr.,l
the air withIr the shelter during the removal opertttion. TiM croes
sectional area and length should be kept to a minimira to red'.:.;e the
amount of mterial to be removed. A ladder or steps should be
placed within the pipe to ensure exit, to avoid the need to store a
ladier in the shelter, and to provide a means of access to material
stuck in the tube during ev--cation. The thickness of corrugated
steel in not critical if the fill material ia well tamped. There-
fore, the lightest gage available may be used. A frangible water-
proof cover should be placed over the exterior end of the exit. All
occupants of the shelter must be acquainted vith the location and
operation of the emergency exit, as they must be with all of the
operating and eme,-gency equipment of any shelter.

12. Blast- Resistant Closures and Frames. As with the entrance
configurations, the orientation of blast resistant closures tn crit-
ical in determination of required design overpressure. For example,
in a 50-pi side-o•i ovorpre~sure regios, a vertical exposed face may
be subjected to 200 psi upon shock wave reflection, while a horizontal

' 1 - ," •7
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face flush with a level surface must withstand only 50 psi. Zxposcd
blast closures are one of the principai sources of radiation vithin
a structure. The air-supply system and openings from a bent or
loose fitting closure are the main sot•,ce of induced or fallout ;st-
shot radiation. A horizontal passage leading directly from a walk-
through or larger door into the basic shelter area may allow lethal
dosages of instantaneous radiation to occur within a structure even
with a satisfactory earth berm shielding the rema4#e-r of the instal-
lation. Similarly, high instantaneous radiation may be admitted di-
rectly to a structure through a vertical entrance with a flush blapt
closure. This source of radiation is reduced most effectively by
the use of small blast closures, by small-diameter passages, and "
offset, or othervise indirect, entrance configurations. Increasing
the thickness sf the blast closure is not a satisfactory shielding
sclution as the increase in shielding in Insignificant, and the in-
crease In weight is prohibitive for satisfactory operation. Clo-

mrese presented in this section are designed solely for overpressure
resistance. Those for fl.ush placement over a vertical entrance or
for backing up such a closure have been designed for 50 psi. The
walk-through or drive-through closures heve been designed for 200
pal (Fig. 1). Where possible, designs have been employed which have
been proved by nualear blast tests upon similar or identical closures.
These tests have eonn that adequate closures (for blast resistance)
are feasible. As can be noted from the presented demigns, the span
of the closure and its orientation are extremely critical. The re-
quired section modulus increases as the square of the span and pro-
portionally to the applied pressure. Means of reducing the required
span or the overpressure (for example, by use of a vertical shaft)
should be examined thoroughly, with considerations given to possible
disassembly or placement of bulky equipment during construction and
to reduction of radiation in a personnel shelter.

a. Designed Personnel Hatch. The best blkst closure is
a small span hatch for vertical entrance. buch a closure is used in
conjunction with the entrance configurations described La the preced-
Ing section. A designed batch, similar to one proof tested during
"high explosive blast tests and eaploying standard structural shapes
and steel plate is illustrated in Fig. 34. The steel sections shown
can be varied, provided the section moduli of substituted shapes are
not less than those shown or the steel used does not meet standards
less than those of AM• A-7 (U. S. Manufacturing Standard for inter-
mediate grade structural steel).

A personnel hatch should be enployed at the ground
surface and the backup closure to form an air lock. Installation
my be with horizontal or vertical orientation in the latter appli-
cation. Placement within a hc. ,zontal passage (Fig. 35) should be
made with the hinges oriented for doorlike operation with gravity
kc•lding the door open except when secured by the locking mechanism.

/ -



=V

64

IPI

VA

SiI

g 
.'

40

~-~-- PP



65

46

4)

19i

)31 XEý

=I .



66

3'MINIMUM-SOUAM.CIRCULAP,OR OCTAGONAL

.A5

MAMMAL Sao
TIMKA~ 0 0 P4909

Fig ~ ~ ~ ~*. 35 Deige pesne0ac na oiotlpsa

horizontal secztion.

A seonmd batch within a separate, obsubr and neew to the outsid.e
closure facilitates the maintenance of a positive closure by gww"n
of a guard placed between the tvo installations. P laoement of the
second Latch within *be horizontal pass#." section would provide a
greataor area for asis In ra4lation decontaminaation and would permit
the passa~e of larger groups ontering or leaving In each cycle of
closure "oeration. Twvo guards and posted signal proceduris, such

asraps on the closurep should be considered for achieving rapid
prsonnel passage vbhile onutinuous blast protection ios mintO-me6.

b.st Closure for a Rea al1 SIA shaaft fonas the
of aditio an stucura blst esi-tacecons iderations. Thr,

closure shown in Fig. 36 or me~ifioations to this design permits
passage of large equipment through a vertical shaft. Us* of light
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Fig. 316. steel lift-off shaft closure.

rail *qu1"=t In the horizontal. entrance passasp at struc curea .Leel
would facilitate the movement of sudh e~imrwnt into the structure.

Mecrane, wrecker, or other lifting device used to 'raise or lovwer
the equIpijunt In the shaft could similarly be used to qli~ae and re-
=wve the closure. Design of the closure is based on the *election
of an allowable fiber stress !=If that of ultimate stress *an about
two-thirds of the dynamic yield stress.* A Miite rise time as a re-
sult of gradual load application aky be assused for a blast over-
pressure of 50 psi. Shook propagation velocity at 50 psi Is loee
than 21 feet per millisecond, wan the compur.ed period of the fuoda-
inatal node of vibration for the designed shaft closure is approx '.-
mtely I 2illisecond. Speoific valnoe used in the dozzipi "~re a
-4--m fiber stress of 30,000 psi and a uniform load of t, psi.

The resultant section modulus was 2 in.3 per inch width of closure
for the 8-foot span. Variation In required section modulus result-
Ing from the use of a differeti. span my be meae by esplvying the
follovýLn relationship:

IM-1 a 9ýMz 0 Fx-&-
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where S is the revised section modulus for m, section of AS1'4 A-7

steel. The section modulus can bi :orrected for the use of differ-
ent materials by inclusion of the maximum allowable dynamic field
stress. In this design, the maximum stress of the steel used was
60,000 psi. This approximate method of design is suggestt. for
field use and provides a higher factor of safety for the alternate
material than does the use of steel. This procedure is desirable
as it allows for a more rapid rate ef application of the overpres-
sure. The fundamental period of vibrat. )n for sections of timber
or concrete designed to resist pressures of 50 psi is considerably
longer than for a steel section of the same span, beciuse of the
greatly increased mass and decreased modulus of elasticity. The
required section modulus, S, should be varied inversely with the
ratio of f' , the allowable maximum dynamic stress, to 60,000 psi,
the ultimatd stress ured. The following expression based on one-way
beam action may be used for design:

pan in feet)2 60,000

S (in. 3) - 2 A0.000S(%,3 6• feet ft fY

A similar expression for steels other than ASTY A-7 may be used by
relating the static yield stresses (fy), thus:

G(in. 3 ) a 2 in feet2'2
b feet fy

Because of the negative pressure phase of the olast-
wave, the s,^+t closures should be designed to withstand an upward
pressure C.f 5 psi. The negative pressure required for desalgr (5 psi)
does not vary linearly with the positive pressure, but may bl con-
sidered as an upper limit to the pressure differernial. The baek-
ground work on which design assumptions may be based is limited, but
the use of 5-psi negative pressure should avoid any failure to a
structure. The field dusigner may Justify a bmaller value based on
one-time use of the structure and absence oZ overpressure following
the negative phase. Thus, although failure occurred, little inter-
nal damage is likely unless a second detonation takes place.

c. Designed Walk-Through Door. The blast closure sho-n
in Fig. 37 is fabricated from standarA rolled steel k.hapes end plate
steel. The closure should be employed only when use of the smaller
personnel hatch is not possible.
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The weight of the door, the poor radiation shielding
it affords, Pnd the exces~ive pressures arising from reflection of
the blast wave (note in Fig. 1 that the ratio of reflected to side-
on overpressure increases with increased incilent overpressure) make
this type of closure hard to justify. An additional advantage of
flush closures is the suscoptibility of upstanding surfaces to dam-
age by fragments of conventional aerial and artillery weapons.

'lie walk-through door is an alternative to tikc per-
sonnel hatch for in-tunnel placement to back up an exterior clovure
to form an air lock. Furthermore, the walk-through door should be
considered for situations which require a means of horizontal ac-
cess where the width does not necessitate a massive drawbridge-type
closure. Two doors with a removable center post 'wunted within the
frame illustrated for the drawbridge door (Fig. 45) would be easier
to operate. A thin 3teel arch section in the door has received
limited nuclear blect testing. Several prototypes of similAr design
were fabricate4 and emplcye.d in the tunnels used for the underground
nuclear test ser1tm Qualitative experience gained in these tests,
in which exposi--e ,f ý'be blast doors to overpressures were accidental,
indicated the .'a in f the door was greater than the strength of
the frame and fram-i'.c;,t-riatlon connections. A closure employing
rolled steel section.:. t -,an the frame instead of an arch action was
tentatively designei hvr 3ixilar blast overpressures (200 pci). The
weight of this door wes about 200 to 300 pounds in excess of the 4Ou
pounds of the presented door design. The door is too heavy to be
rapidly operated by individuals. Closures may be conservatively de-
signed because it is dt,,,irable to have the strength of the whole de-
pendent upon the basic itructure and not limited by it, lesser com-
ponents. The nuclear bl.ast tests have revealed that the closures
are vulnerable to ftdlure, and thereby, catastrophic conditions may
result within an otherwise undamaged structure.

d4 Massive Drawbridge Door. The massive steel door il-
lustrated in Figs. 38 and 39 should be considered only when any other
I meei of closure is not feasible. The design is one which has suc-
cessfully withstood reflecte¶ nuclear blast overpressures of 180 psi.
It is modified to provide a greater resistance to reflected pressures
of 200 psi (anticipated as the maximum in the 50-psi side-on over-
pressure region). The door provides negligible shielding to instan-
taneous radiation, does not readily provide an air seal, requires a
large constructive effort, and is awkward to operate. Nuclear blast
tests have shown that doors which operate cn rollers are subject to
Jamming, even though they are easier to operate in .o-a! cir,'tm-tan-
ces. The drawbridge door provides rapid opening for exit of ,ital
equipment. It has a demonstrated resistance to th" design blast
over•ressures.

S"J"i .01
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13. Door Frame-Supx-rting Foundation. The closures and frawr's
are designed to V*Lthstand the effects of nuclear blast overpressures
in the 50-psi side-on overpressure region. The foundations for
these closures are presented separately, although the order of lZst-
ins is governed by closures. Little choice in frame-supporting
foundation exists when the type of closure has been determined. The
foundation designs are similar to prototypes which have vithstoo.
nuclear blast overpressures in excess of 50 psi. Adaptations of
these designs provide equivalent resistance while employing other,
possibly more rapidly constructed, materials. Thus, a choice of
foundations my be applied to a specific closure. Furthermore, a
specific frame foundation may be used with different closures o:
similar application suc as tUose for a vertical shaft. In the
foundation for a blast closure one must consider the force trans-
Litted by the closure frame; the need to resist uplift pressures
that result during the negative pressure phase; the orientation of
the closure; and the danger of Imposing longitudinal forces on the
entrance structure. Be:ause of its adaptability, reinforced con-
crete is an excellent material for this purpose. It is inherently
massive and forms an excellent seal. Strautural steel is illustrated
as a lses favorable alternate. Where feasible, the designs illus-
trated are similar or Identical to those wuich. have been tested under
nuclear blast lo&0ing.

a. Corrugated Steel Retaining Rins. The most readily
placed foundation for the personnel hatch employs lightweight corru-
gated steel sections. This foundation (Figs. 30 and 34) consists of
"an inner ring forming the initial passage section and an outer ring
providing definite retention of the bearing plate and enclosing a
tamped earth or concrete-fille•d hollow column to avoid failure in
bearing or during the negative pressure phase. The inner ring sec-
tion is of larger diameter pipe than the contInuatior of the p*ssage
below to provide independent action In rewnonm and leeway in final
alignment and height under field assembly conditions. The 8-gage
steel provides adequate thickness for welding. A similair 8-gage
section withstood the load generated by high blast overpiessuxes
(130 psi). Use of the heavier sectioa as the foundation for the
first 3 feet of entry passage allows the design for the lover en-
trance pipe to be made with no special considerations for surface
placement. Concentric rings to provide a concrete form keyed to the
adjacent soil my be employed for foundations for vertical chaft
covers (Fig. 40). Corrugated steel for the shaft lining is eqono-a-
cal, readily constructed, and easi3y designed; therefmme, the wie
of this material is encouraged.

b. Reinforced Concrete Bearing Pad. The bearing pad il-
lustrated in Fig. 41 is a suilable alternate and a cested means of
providing bearing for the pertonnel hatch. A backup hatch to innure
lilast protection in a personnel shelter may be installed as is ioowr,
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3 TIMKS POTS"W" TWIbT FIT
KTWILM COVER
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Fig. 140. Concentric ring shaft clow~ire foundation; timber
closure illustrate-A.
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in P'ig. 35. The design of the bearing pad is an adaptation of a
reinforced concrete pad tested at side-on overpressures up to 100
psi with a Navy-dee igned prototype steel batch.

eI'iD OR SQUARE OR OCTAGONAL

OCT400L 0 PWA OOMONO PESONIL MTCH 1* LMýI
I** OpiumER~S im

Fig.41.Concetebearing pad for a personnel hatcb.

The valk-through door foundation for in-tunniel place-
ment Is a variant of the reinforced concrete bearing pad for place-

mninthe vertical plane. Installations similar to the wne shown
In Fig. h&2 were placed In the tunnels used for the undeorgroimti

nuclear tests series.* The applied pressures and the responses of
the Ins,'&'Ialltone were Incidental to the test programs. "* h found&-
tions were Adequate although the design employed for the installa-
tions Illustrated a weakness in the door frame andA its connections.*
The pesrsecutrd oeewr oeie momdfo -
inner aide, placing the full force developed by the r.ofleo Led blast
overpressure upon the hinge and latch which in normsl desida load-
Inge would be adequate for the possible forces of the regative

press~C. Concrat', Reat.nnyaar Hatch Foundation. The best

foundation for a rectaniula shaft hatch cover is concrete pou~red to
form an integral unit with the frame support and the shaft lining
(Fig. 4~3). The similarity to the concentric corrugate& steel In-
stallation can be noted. An ideal form for tbo outer perimter
vp"1d be straight corru~pted steel sectionns to proviAe a .iood oor-
crete-ear~i key, and to mnaintain the quality of the ooncr*e{-. at wnait
would otherwise be a concrete-earth contact. The design is intended
to provide a massive foundation for spr%-.'AlnS the vertical preasswes
and for resisting the upward force 4uring the negakti-s blast pres.
sure phase. It should not be considereid as the sole prototype but
as one meeting minimum design criteria.

~*rt
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Fig. 4~2a. Walk-through door in a horizontal psassage; hori-
zontal section.
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d. Walk-Through Door Foundation. An adequate foun66ation
for an external walk-through door is shown in Fig. ~44. This Navy-
designed structur- will withstanid an o~verpressure of 200 psi. In
the design, independent response should be provided by mehas of a
slippage space between adjacent structural elements * A nonfrag-rtnt-
ing, shallow retaining wall for retention of the berm, shc,,uld be used
to avoid blocking the closure with fragments, an occurrence which
has been noted with some reinforced concrete ramps and retaining
walls.* A severe problem is the great overpressure ma~gnification
that can take place at corners end interior junction~s of plane sur-
faces. An illustrated, sandbags or a sand ramp may disrupt this
effect and reduce the possibility of failure at the lower sill sec-
tion of the foundation.

AT IC

* ~AT 1

Fig. ~ ~ ~ ~ ~ ~ O We4b Xxeir aktbog door -udto' eto

B-B..
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NM 6L BAR$ AT Oit"E C WAY EA CH FACE

I- VA WALK DOORFRAMSE

Fig. 144c. Exterior walk-through door foundation:t Sectior C-C-.

e. Peinforced Concrete Foundation for Mlassive Door. The
drembridge-type door (Figs. 38 and 39) which was tested under nuclear
blast etaployed a combination enturance-frame structure. This struc-
ture, illustrated IL Fig. 145, 1provides adequate strength &ad is lon~g
enough to develop fully buried conditions for the associated units.
Even though a massive construction in reqxired, the resulting entrantce
frame has a proved blast resistance capability.

14.. Floors. The design of floors for the basi-2 structu".s o.-
its components, such as alcoves or entrance configuratior.i, is con-
sidered separately as a result of nuclear test experience with vary-
ing types of floors. Designing for nli',lear blast permits sc. tler~nt
and slight deformation of the structure. Thus, heave and differen-
tial uo.eient are to be expected in the floor area. The possible
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u:.'.x (A' protccti-vf!. el.ters a.y requir," rigid or high bearing strength
fl)or.. . Th.' ty-pes of floors arc prefcanted ia order of desirability.
71,e sim-AP'zt type thnat will nql i;fv the reouirements of the structure

a. Sand or Earth. Well-graded and compacted earth forms
a floot which in least likely to be aifected oy overpressure or blast
phen-mena. A sax•d or' gi¢el floor, poxdibly with ,s: A.ati'izing agent,
would also be in thiti cfterýory tut might have some undesirrnble fea-
tures. An egirth fijor should be of the sami qua•ity of r.aterial as
that -equired for b.fill. Gravel or sand should not be employed
In entrance configurations or near blant closures because granule!
material migh.t be transpo-ted by overpressure leaking past the clu-
sure. Gravel might clog the seal and ctuse malfunctioning of the
ckmi'le device. Lightweight. rall equipment may be used with an earth
floor to provide facilitizz for Lauliig heavy loads ruid yet retain
the advant'uges of earth flooring. Sandbags may be used when a poor
soil such as a clay, Wi', or organic bearing material would other-
wise be exposed.

b. Sectional Wo..d FLoorQ . ine neea to •,,?x- equip-
ment or the requirs-ots of structure use a&n occupancy may necessi-
tate a solid floor. Srtional wood floring is the best type suited
to resist the heavlng or settlement of nuclear blast effects. This
flooring, sinl~ar to 'hat found in military H4qUA tents, uses a wood
sheathing wearing surface held by a 2-by-4 f-amns of dimensions suited
to '.he floor plan. The largest section dimension should be no
greater than 8 feet to facilitate handling and ;novemzit. The floor-
ing thickness ani design of the supp.orting cross members are deter-
mJned by the 'ide of the structure. The flexibility afforded by mov-
able sections which provide room for inward displacement of the
structure sides, furnishes the re~u'.:'d resintance to A'ge by
nuclear blast overpressures. Varlattinn- -f Ql'. tyr.i !' flooring
would be pallets or flooring sections plar'ed only on triose portions
of the ;nderlying earth floor where specifica'ly requir.d (tnat is,
covering a subfloor storage bin or providiag a pallet for equipeentMount I ý,ý).-

c. Pierced Steel Plark. Pi~rrrd ote-l or aluinnum plank
may be used as a flexlblle, heav!-duty v,%aring surf'e. T.o provide
coverithg for an entire floor sur!sace, the plark Ahould be lai.! p-Ir-
allel to the major axis of tne struotufr; varth heave or ie•tle'r.
caused by hla,,t londirigs Is gmonsrall)- irnral ll to the E :..kd rc.
Plerced stcel planking for wheeled truck lanet, :,ri be uued .n stor-
age structures. Pallets or seLional Ilooring ,^y be laid in the
actual area of storage.

d. Conurrete. A pourd-ir,-j-N'k *onrrete floor provcd-r
a r~ean, ex.ellýent ,' ."'ring surf',cer which r.-, be derzign.id to withnts.nd
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heavy loads and the adverse effects of nuclear blast overpressures.
The concrete floor snd Its eibgrade shocld be designed for depth and
reinforcement on the `asis of intended structure use. Unreinforced
concrete floor slabs (f'c a 14,000 psi) poured nn e-oeracted earth Pub-
grade have been tested in side-on overpressure regions up Lo 100 psi
in flexible metal arch structures. Under such nuclear tests, cracks
were developed in the concreto (Fig. 46). Crucking under footing
settlement and floor heave could be avoided by scoring and use of
expansion Joints (Fig. 47). light hAundred square temst is considered
a maximum for a single slab, scored as illvatrated. Slabs of thes
aizw are likely to be impractical for small structures or restrictel
working spaces in underground construction.

IV. ITILuTr C0WONW1'8

15. aeneral. This section presents the requirements, the
bases for selection, and the speIfic designs, prototypes, and engi-
neering data for utility coepor.2nts for protective structures. am-
phasis on selection of desi&,e and specific items of equipment has
been bazed on proved performance, where avaltable, from niucl:&r r
weapons effects tests. A ainimau of detail has been presented for
those facilities or itins of equipmnt which employ conventional
construction practioee or are military stock equipment, more fully
described in the referenced technical manuals. Selection of utili-
ties an well as entrance confiVLrations is dependent s.,n the struc-
ture use. Table V presents reco~mnded selections of utilities
based on utilization. Selection of utilities for the various struc-
ture uses has been based on simplicity and on proved systems or
equlpment. For extended or preshot utilization, an economy of oper-
ation is desired which precludes the continuoup use of emergency
equipment. These principles have been follnvef 'iroughout tL©
prese.ztation.

16. Electric Power and LiditIn&.

a. Battery Power. Battery-operated lights are required
for every structure ror use either in a, emergency or as the sole
lighting means for emerg!ncy shelters or storage struotures. In
addition, battery power may be required for comunication equiliwnt.
Because of the fumes that may be given off by diacharged wet (ells,
dry cell or sealed batteries should be the only type used In under
ground structures.

b. Engine-Driven G,.-nzrator. OasolWne-engine-driven
portable generators of the standard ArM series may provide power
for long post-attack periols o' for intermittent prc.*aot ... e. The
specifications required ftr generator selection and their incororin-
1,1,0n in the structure design are given in the list on paMe 37. A.'

T
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mufflers are not employed at the motor location vith underground
installation, the dimensio's of the units shoin, may be used as the
basis for deign.

A gasoline-engine-driven generator and fuel must b•
placcd in a room or alcove separated from the personnel shelter.
The generator and gasoline supply my be located in a fireproof,
gastight room within or below the f:oor of the basic structure or
in a separate unit, connected to the main structure for aceesv, and
isolated by a gastight seal. Handling, storage, sod replacement
problems dictate that fuel should be stored In standard 5-gallon
cans isolated from the walls of the atorage bin or structure by an
air space or sandbags.

The generator engine munt be adapted tu underground
Installation. A surface exhaust outlet and ventilator my be re-
quired to collect the cooling air expelled throu• the generator
radiator. Oenerator air requireients must be included in design to
ensure a small positive pressure dIffertntial vithin the structure
at all times. The approximate air requirements of the generators
are listel •.ith th.. specifications. The means by Uhich opor•tino-
ruquiresents may be satisfied are illustrated in Figs. 48 and 49.
Selection of the various isans of installation depends on structure
utilization, hours of oontinuous operation, volume of the structure,
number of personnel occupying the structure, and ventilation facili-
ties. The specifications referring to the air requirements and
standards for personnel should be noted in generator iretallation
design to avoid overheating of the air b3 engine or generator
cooling.

C. Central Power Source. A protected generator should
be considered for continuous use with an inatallatfon consist~ng of
several seraraae structures. Power cables protected by burileL and
placed to avoid shear at entry Wu a itruoturs voult permit economy
of constructitre effort, material, and fuel. The cables vould rur•,!u •
electric power for continuous use. This means of prov!ding electric
power is most suitable for installations of two or wore structures
in proximity. In the actual installation, the generator or gener•.
tors should be placed in a separate structure which should be con-
nected by a horizontal entrance section, vith a suitable gastight,
blast resistaut, closure, to an occupied area. Such an installation
vwtuld permit supervised generator operation while the operators
avo-ded tie fumes. possible ozone concentratior, and noise condi..

eiona in the power room. The installation of the generators a,)uliQ
be similar to that shown in Fig. 48, althouth on a larger scale.
For installations which employ one large-output generator, a second
smaller generetor should ",,e cons: .ereA to supply pover for .'Jw-
demand periods 4uring which the principal generator is being serv-
iced or f teld. A centrally protected generator listallation may
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use conventional public utility power for economy, when available.
The owitchgear can be siturted within the geneiator structur-t. To
avoid continuous operation of emergency equipment, conventional
power, if available, should be used before the blast.

17. Air Treatment.

a. Rudimentary. Structures for short-duration occupancy
or for storage use may require no air treatment. The base, for de-
sign of structures having no treatment are given in Tables VI, VII,
and VIII. An allowable sealed-in period may be computed using the
following formula:

Safe Allovible Period - C02 Concen. Allowable x Volune of Shelter (Ft3)

No. Personnel x CO2 per pearon pp, hour (FtJ/hr)

The safe maximum CO2 concentration may be taken as 0.05 (5 percent).

Table VI. Minimum Ventilation and Space Requirements
for Protective Structures

Ventilation Total Surface Floor Area Volume
Period of Rate per rsea per Person per Person per Person
Occupency Person (cft) (f.) (t 2 ))

Personnel at rest:
Oxygen consumption approximately 0.008 aft.
Approximately 4MO Btu expended per hour

3 hr None 30 6 50
12 hr None 50 6 75

Continuous 2 oef 25 6 50

Personnel at moderate activity (normal operation; 4ithn a protec-
tive shelter):

Oxygen consumption approximately 0.028 ofta
Approxin.tely 1,000 Btu expended per hour

3 hr None 75 6 120
12 hr None 100 6 350
3 hr 3 cft 25 6 50

12 hr 5 om 25 6 30
Continuous 5 eft 30 6 60

Personnel at vigoious activity (unlikely in protective shelte•i:
Oxygen consumption approximately 0.056 aft
Approximately 4,0OO Btu expended per hour

Continuous 10 cfm 30 6 60

aui



Table V11. Effects of Tempe'ratur- and Humidity

Phiysical Relative Huiliity )
Temper- Effect Humiidity (%) at Which kiGsat

ature on fcr- borderl-Ine Prostration
(OF) Occupants Comfort V AY Occur

50 Physical stiffness of 85
extremities begins

60 650 optiimu.m condition 80

70 750 physical fatigue begins 70

So) 80mental activities slow 60 9

1w0 errors begin 1990

120 Toerble fo~r j hr

C02OcflZ o C2 Cno:trtios

1-2 Not ntcalalthave!! It waý reduce

3 Blgteffort needed to breathe.
5-10 Heavy breathing and rapid tiring.

10 Fatal, if present for any length of t~me.

Note: For oomputation in ýhe formula for safe allowable period,
Use oxygen con sumption for the CO2 formation per person.
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Unventilated emergency personnil shelters shou'd be designed so
that the blast closure is open at all times prior to use. The
draft effect of the exposed entrance or, if necessary, intermittent
forced ventilation, should be sufficient to keep the air of the
structure fresh. If desired, energency equipment such a. oxygen
tanks and masks, oxygen regenerating mask assemblies, and standard
particulate filter and gas masks can be used. The standard gas mask
should be worn when the blast closure is opened to allow F'" change
after an attack. There is a snall contamination hazard from such an
action, and radiation monitors should be used. The individual gas
masks provide good protection against the Inhalation of airborne
radioactive material. The absence of mechanical air filtration
equipment may require the storagi of radiac instruments and self-
reading dosimeters, the provision of intershelter communications,
and the training of all potential shelter occupants In various
safety procedures.

b. Motor- or Mhgine-Driven Filter. Filtered air may be
provided in a personnel shelter by means of the standard Chamiccl
Corps filter units. These are gas and particulate filters in a fam-
ily of sizes powered by an electric motor or as an alternative, by
a Waaolin@ engine as for the U-6, 300-cfe filter unit. The units
are described in detail ir the appropriate technical manuals. It Is
preferred to run the filters vith an electric motor supplied by a
remote blast-protected power source, thereby avoiding the noed to
satisfy exhaust, intake, and cooling requirements, ftr separate gaso-
line engines. The specifications of the standard unlts are given in
the list on page 95. An important consideration in the use of any
filter unit is the heat output of the electric motor. Heat removal
may necessitate a greater airflow than all other air requirements of
the shelter combined. Air-filter units should be placed, whenever
possible (essentlal for all but the smallest filters), iu an -1cove
from which the air is exhausted direct to gro-A sair,.fa, thl-r-by
avoiding unduly large-capacity requirements.

The intake of the filter units must be protected by
antiblast closures and surge tanks. lu addition, the exhaust from
the shelter should employ antibackdraft valves to protect the struc-
ture from contamination. These accessories are described in TM
3- 42 40-203 and, except for the surge tank, are standard Items of
Chemical Corps supply. The M-1 antiblast closure (a valve), illus-
trated in Fig. 50, has a maxim= intake airflov of 300 cubic feet
per minute. A higher airflov requires addi .ic:.al closure3. inst-
Lation of the antiblast valve should be within on accessible area,
to permit inspection and repair; however, the stege tank may be
separate from the structure. A minimum surge taUrk capacity of 25
cubic feet is required for each M-1 antiblast closure. The surge
tank rga,, ',e corntructed of culvert sections and placed below the
floor of the structure. Inletn or exhausts to the surge tank for

, .: .
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WRIGHT 3301L.

.rW

P'J LLWINE I TSTING j
Pig. 50. M-1 antiblast closur,.

the filter, uxiausts, heaters or motor can be mad. through hcles in
the culvert section or through the timber end wall. Details of a
suitable installation are shown in Fig. 51. Figure 48 illustre.tez
valve and surge tank installations in a teparato ganeratcr-fitltr
se+r~ture. Antibackdraft Ialves should be used between partitioned
areas of a shelter and on vents leoaing to the exhaust surge tank.
A ty.Aial shelter floor plan euploying these items Is shown in Fig.
52. Detals of the generator and l.atrine alcove installations are
included in lipg. 49 and 53.

Use of a gasa-particulate filter allows personnel #)
avoid the inhalation of radioactive particles in the form of weapo:.
pro•, cts dust from induced radiation erdas or f=om tue fallout con-
tamination of a surfoce burst. However, this rsdiosctive material
trapped by the filter is a possible so,-ce of high-Intensit" r&dia-
tion. The location of the flltýr unit should afford shielding from
the occup ed area of the structure. Gezra radiation is the

,ý'77, '7% ý -0 77 `7 ;-
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Fig. 51. AntiblAtst clo',ure and surge t~rku &',tails. Twenty-
five cubic feet of sur~ea.Az volume are r~quir-d for each
M-1 antib'aflt cloau'~e (caPfcity 300 cfft) employed.
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refilling the tank should be provided. A previously unused standard
10,000-gallon collaraible neoprene POL tank (dimensions 42 by 11 by
4 feet) may be placed in a pit below the structure tloor. Because
of the compositioni of the tank material, the water should be chwAcd
weekly and be used ouly under emergency "cnditiors. A means of post
storage treatment would be desirable. A collapsible tank as de-
scribed could provide a protected central water supply for protective
structures.

b. Well Point. If the ground water Is potable and the
water table Is relatively close to the floor level, use of a well
point should be considered. A well point would be the best mathoC
to augment the water-storage capacity of the structure. The instal-
lation would require a remote, blast-protected sewage outfall or a
carefully designed tank or field sewage disposai system. Arctic-
type plastic bags for tewage waste disposal would require less stor-
age space than for water storage and may be an effective means of
alloving employment of well point water. Nevertheless, chemical
treatment (for example, |alazone) Is necessary if pumpod water Is to
be stored.

a. Water Distribution System. A water distribution sye-
tom may be used to s,,pply wahing and sanitary needs, dependinr upon
the type of structure. Continuous use structures which are occupied
for sleepin& or working may have conventional water supply systems,
if available. Caution should be exercised in installation of the
system to insure that pipe breakage from differential structure-
earth settlement does not cause a line to break or drain into a
structure. Steel or copper pipe is adequate for this purpose.
Pipes should neither be cast in concrete, nor should they be placed
directly below foundations. The best pipe entrance Is tUrough or
under a horizontal passage sectior into the ntruetire. An et val ,
where the princial respotist to blast Is h%1• r"^ntl w*.hesent into
the structure, is an alternate point of entry for utility lines,
either through oversize ports or well below the foundaticn.

When adjacent per.-nnel shelters exist, consideration
may be given to a protected water supply system with a pumping and
treatment plant in one ceutral structure. Deeply placed steel pipe
would be suitable for the distribution lines. The water source may
be a well point or protected lines from a stream or reservrir. The
treatment and pumping equipment could be installed in a manner semi.
lar to the Peparate generator alr-filter installation (n4. 48). ^s
with the electric and air supply utilities, continikius use c, etmerf-
ency equipment should be discousaged. nhe ite*m my be of limited
cumulative capacity, as in water storage or filtration equipment, or
may not be intended for continu...s operation without maintenance or
repair. This situation would apply to sewage storage facilities or
goriline-en•ine-driven generators and filters. As with all the

47 A71 k<1.
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utilities, potential occupants shou~ld be familiar with the function-
ing and capabilities of thf equipment and wita procedures which in-
sure group safety.

19. Sanitary Utilities.

a. Minimal. No sanitary facilities need be previded for
storage or short-duration personnel structures. As~ an alte~native,
buckets or arctic-type plastic bags may be installed or made avail-
able. The existence of a blast-protected space, as with a storag!e-
only structure, is sufficiert to assizue personnel occupancy during
or after an attack, and @*nl' ,Ary as w.ell as other emergency utili-
ties may be. provided on this basis.

). Bucket Type. Any structure may be furnished vith
bueltet-type latrines, trouighs, and washotands, as detailed in other
technical manuals, such as IM4 5-302, Construction In the Theatre of
Oiwrfttlors, Direct or transfe~r-1 drainage to a separate pit should
bep=dd Where feasible, the latrine section should be isolated
from the basic structure by partitions or by location In a separate
alcove parti1tioaed from the stmicture (rig. 53). Unliess the dlftiai-
age Is to a tank with an outfall or a blast resistant (deeply placed)
tile field, an alternative to the pit or tank means of waste disposal
should be provided for nonemergency use, prior to a nuclear attack.
An outfall to a conventional sever system or tile field should be
employed preshot to avoid lr'.eding the limited capcity of the under-
ground sump.

0. Covninl lmig Conventional sanitakry utili-
ties, emilaced as detailed In I'M 5-302, may be employed for occupied
structures naving a piped water supply. Zxcept where a blast retsist-
ant central water slapply exists, these utilities should be augmsented~

by bucket and samp-type facilities. Outfall shoujA be of cast iron,
concrete, or corrugated steel pipe and should be to a lagoon, a con-
ventional sewer system, or a tank-type facility. Ain underwater, cut-
let to a lagoon or stream would be the most blast resistant. al;og
conventional, valves and a surge tank may be used to preevrnt back flow
from blast overpressure. Care must be taken in design, construction,
and provision for maintenance, to insure blast protection for the
structure and dependable operation of the system. Almost all pl-mib-
Ing fixtures, valves, and piping designed for domestic usage have
sufficient strength to withstand the subsoil eart~h pressurom of 50-
psi side-on overpressure region. Brittle pipes such as those b-
cAted from asbeatos, concrete, or imprmgnated com~pisition fiber wc'.i.L
be unsuitable, secause of earth settlemc.,ii u: %i)pliod pressure.

20. One rgen-y_ Equipment. Depend!:..d on the type of strýAture,
provision. viiuuld be madle Vor enfurced long-duration ticcupancy, dam-
age to st4.rdard exits; radiation decontarrfinatioti and mnoritoring;

0ý~
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emergency structure-surface communications; "xnd breakdown of the air
supply system. The items noted in this section should be selected as
required, depondent upon use, space, and structure vulnerability.
Phergeny equipment should be stored as close as possible to the
center of the basic structure, preferably in an accessiole, protected,
suofloor storage bin. All occupants should be acquainted with the
location and contents of the emergency equipment and Its use.

a. Exit-Forcing Equipment. Excessive overpressures are
likely to cause partial failure of some of the structure components.
T7e designed blast closures are most vulnerable to partial failure,
amaming, or blockage caused by external debris or transported soil.
Exit-forcing equipment should be stored in every structure to permit
occupants to dig thei:- way to the surface. The compaction and selec-
tion of tckfill required to satisfy structural requirements would
tend to facilitate such action. Exit from a structure my he possi-
ble by the following methods: (1) unbolting the "hold downs" of a
blast closure; (2) excavating through an angle-of-repose end wall;'
(3) removing the sand from a filled-type emergency exit; (4) ur.bolt-
ing corrugated steel plates and excavating; (5) unbolting one of the
tie rods fr'=m a deadman to enlarge the eeparition between an end vaill
and the basic structure through which to tunnel to the surface;
(6) excavating below the fnundetion and then up to the surface, or
any other method which might apply to the particular structmre con-
figuration. Equipment that should be available for such operations
are shovels, picks, pry bars, wrenches, hamors, and chisel(. "ie
list can be lengthened or shortened depending on the materials em-
ployed In construztlon and the numb.r of occupants.

b. Food. Standard packaged rationa should be stored in
structures inte;-e for long-duration occupancy. The anount and
type of these rations is dependent upon ths anticir.atied runbar of
personnel and the utilities available. The stan-e.rd "7" and "5 in 1"

rations are guitable for this purpose and have moisture-resistant
packaging. The volume of the standard rations is zhown in Table IA:

Table IX. baergency Raticni Requirements

Type Natio-ns/ Weig"ht/Pakage Volunme/Package........Ration , Packag,, (1.b) EaCu r:)

Small Detachment, 5 in 1 5 27 0.8
Individual "C", Combat 6 40 l..

0ood Packet, Individual,
Assault 24 3SO 1.3

Food Packet, Survival 24 - 0.63

Note: All rations listed are precooked and may be eaten cold or
h.vato. One ration is the requiremnnt of onue man for 1 day.

4ý ~ ~ I-77 "T
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Storage space for the rations should be organizpd no
that u~sed boxes co-taining waste can be~ stored In areas previously
occupied by the full containers. Cooking or other food service
equipment is neither essential to protective shelters nor desir,.,be.
The heat and combustion products of cooking create additi.;Fnal air
change requirements. Rations may be heated, If desired, by placing
them near the generator engine or by immersing in drained engine
radiator coolant.

C. Communications . Signal Corps equipment has been do-
signed to withstand severe shocks or vibrations and may be mounted
innotrbmaffixocation wiri pace protcnttov ouetsier wallsor structrl
innormbealflocation o ir i p roe djutectiv ousheler wquipmen strucura
partitions. Wi~res should enter the structure by protected means,
similar to those which have been described for water supply pipes..
Ontranceways furnish excibl~ent accessibility and a meano of avoiding
sharp structure-ground differential settlement. Cables can be at-
tached loosely to the banio structure for convenience, but slack
should be left in the lines to avoid parting In the event of partial
deformation of the structure under excessive overpressures. A tele-
phon~e within a blast resistant cannistar close to the atructues on-
trance at ground surface would be advisable to insure outside coa-
munications after a damaging attack. Instructions for aignaling by

* striking the blast door my be posted outside of the structure.* A
filled steel pipe, containing wire with leads for attachmnt to a
handset or other telephone equipment, could be run from the struc- I
ture to the surface to fac~itato post-attack communications.* Stand-
ard signal equipment can vi.hstand nuclear shocks experienced within
protective shelters, as has been proved by weapons effects tests. A
radio antenaia, tetted by exposure to high nuclear overpressure, Is
illustrated In Fig. 514.

An alarm system should be vrovided all. proteciv
structures by which alerts issued centrally are sounded within the
structures. Bells or butters should be employed for siv'h. pirposew *
They should be connected by blast resistant lines placed .,s dercribed
for the other signal equipment. The central .atitcn for the alarm
system should be In a blast resistant structure and It should be
possible to test the altar facilities at any time to insure tUeIr
correct operation.

o. nc i retet Certain equipment is ava.±1 -
able which would incer-ese the time period a personnel nh'aitor M.,
remain habitable without adequate air chage. hemple% or.- Chamsit:al
Corps oxygen regeneration mask assem5i*1 o.5 tarks of compressed oxy-
gen or air with individual masks; and co~mmrcial equipment such fts
air purifiers and oxygen reger:rators. Obstruction jr other failure
of the air-circulating equipment could be offset by use of the 'imirg-
e!.cy equipment or by opening the blast c~losure, checking for

7 7' 7`
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?Ig. 54. Blast-tested antenna installation.

air-carrled ro'l•ation. Should surface radiation be hl* and -.A* air
oontaminated, the use of the standard protective Wsek and diujssable
clothing. such as coveralls, gloves, boots, and hoods, would rwrmlt
the occupants to open the blast closure end cireulate the air vitb-
out leviftng the structure or receiving a harmful radiation domsge.

As vith all of the emrgenoy and other opersting
equipment, procedures to be followed under ftresseable circumstenoes
should be itemised and each occupant should be fNailiarized vith the
safety procedures and the equipment operation.

e. Re4clogical Defense .quipmnt. 1Awiment such as
t.A tactical dosimeter Radiacmeter IN-9.W!( and technical self-readizn
dosimeters should be available in all radiation decntamination sta-
tions, and their use Is advisable within any perso.ual shelt*-. Dis-
posable clothing, tape, and boots should be stored within any strim-
ture from. s-hich wonitors vill check surface radiation. Dose rate

,--,-

, ! - I I I I I I I



�y. - -

105

_ I
I

I*1

I
0

I
U'U'

I

-
#�,,�w



106

radiacmeters are required to confirm the safely of filtered incoming
air, and to check for leakage around blast closures. Means by which
a gastight seal can be made about an entrance shoul.d be on hand with-
in the structure and may be only a large plast..c film %hich can be
tacked or taped around the entrance-struc+ -e Junction. A means of
measuring radiation on the surface (Fig ,j) is suitable for uce of
an A•i/VDR-l monitor with an extensiblf aandle section or a self-
reading technical d~simeter nounted on a rod. Other equil "-:t which
can be employed for radiation safety discussed in TM 3- 42 40-20 3 ,
Accessory Equipment fcr Protective Shelters, Includes description of
the ant ilast closure, antibackdraft valves, an air-pressure regu-
lator, and a contaminated clothing chute.

V. 8TANDAR)L" DESIGN PROCEXIW

21. General. The procedures by which the field engineer ful-
fills the requirements placed upon a protective structure design are
itemized to ensure comprehensive coverage of structure design and
utilities selection. The variety of cnoices available to tha field
engineer, the importance of continuity in the assembling of compon-
ents to form a structure, end the "laction of adequate utilities
for the structure, bowever call for a system of design steps to
provide a logical procedure which is developed in this section.
This method is followed in the design of sample protective structures.
The sample structures are not singular solutions to the requirements
set forth because such factors as material, time, constructive effort,
and utility availability necessitate widely varying design criteria.

22. Development of Procedure Sequence. The basic tools In the
design of structures by proved components are set forth In Tables V
and X. In a logical sequence, these tablea are used as an aV in
structure design. Certain factors, such as materialp, mapoipo.-r,
equipment, time, and function of the structure should be considered
before component selections are made from the appropriate tables.
The steps of the procedure are presented in detail in the folloving
subparagraphs:

ao. stablish Minimum Structure Requirements. The direc-
tive for the design of a protective structure should be accompanld
by certain specific information which the field engineer requires as
basis for the design. This required information includes tha
following:

(1) Intended Structure Employment. A description of
the use for which the structure is intended te the principal
criteria of design. This description may be designation for
storage, emergency personnel shelter or other classification,
as eppropriate.
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Table X. Protective Structures

and Structural Coml-onents

Structure Components Desin ]Rbeferencues

Basic Struc- 1. Circular Oirrugated Steel 1a11,12
tures (par. 9) Cattle Pass I'll,1
(length 2. Corrugated Steel Arch go 11,114,15,16
£material) 3. Circular Re'.ntorced Concrete 9c 18,19

14. Timber 9d 11,111,20,21,
22,23

End Wells 1. Deadman-Supported End Wall 10. 214,25,26,28
Spar. 10) 2. Structure- and Desdnan-5upported

aaTable IV) End Wafl l0b 25,27,28
3. Earth at Angle of Repose loc 149

Entrance Con- 1. Vertic.tl Tube to Horizontal
figuration passa" 11. 29,.V)
SPar. 11) 2. Vertical Shaft to Forizontal
set, Table V) Passage ill *l,119

3. Horizontal Entry from Surface l 1414,45
14. Enatrance Through an Exposed End

wall Ild 38,39,145

Filled TUbe Emergency Exit le j2,33

Blast Resist- 1. Designed Personnel Hatch l2a 30,314,35
ant Closures 2. Closure for a Rectangular EHiaft 12b 31.36
and Frames 3. Desigrned Walk-Through Door 12c 31,142,145
(par. 12) 14. Massive Drawbridge Door 12d 38#39,145

Door Trame- 1. Corrugated Steel Retaining Rings 13& 30.314,14o
Supcig 2. Rsinforced Concrete Bearing Pad 13b 35,41,142

Foundation 3. Concrete Rectang;ular Hatch
(par. 13) Foundation 13c 143

14. Walk-Through Door Foundation 13d 414
5. Reinforced Concrete trame

Few',dation Zir Ylawesive Door 13. 38,39,145

Floors 1. Sand or Earth 1146
(par. 11.) 2. Sectional Wood Floorinig 14b

3. Pierced Steel Plank 114C
14. Concrete 314d 146,14T,53

Note: Components in each classification ar~ istaft in the order in
which their use should be considered.
Selection of a component from each clascif1ication is Independent
of selections from tho otner classifications.
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(2) Volume of Storage Requirevents. A precise des-
ignation of the equil,.,ent to be stored within the structure or
the volume required for bulk storage should be provided. T'his
information may accompany the directives for the use of storage
structures or may constitute the requirements for auxiliary
storage, secondary to another principal structure utilization
(that is, such as a need to store crew-served weapons and amnu-
nition in a personnel shelter).

(3) Number of Occupants. This number includes the
permanent party who might live or work in a atructiare continu-
ously, the number of persons who might work or seek protection
in a structure under emergency conditions, or the persons who
may find shelter in a storage structure.

(4) Duration of Stay. Either the directive or the
field engineer must set the duration which the structure occu-
pants may be required to atay in place and, as in a continuous
occupancy working station, remain without receiving supplipe or
leavi'.ng the shelter. This information is required to establish
air change, fuel, food, and water storage requirements. A time
for emergency occupancy of the structure may also be selected.
The interval is set b,, factors such as the tactical mission of
the personnel, the number of people to be sheltered, and the
mobility and communications of the personnel if area evacuation
is required. For example, personnel may be able to leave a
shelter with a secure communications system and thus receive
directions and roittes for evacuation at an earlier time than
they would had the time of exit from the shelter been determined
on the basis of dose rate measured at the structure entrance.
Forward tactical positions may be designed on the basis of two
to four hours Imergency occupancy, &a the personnel wo!?3A be
required to man battle positions or effect t-,etlcal man.:uvers
immediately after an attack. Structures located where the per-
sonnel would not be required for immediate poct-chot acti;-r Lies
(as in shelters provided for civilians or amininstrative per-
sonnel) may be designed to permit longer periods of stay.

(5) Special Entrance Considerattins. Storage of ma-
terial of large dimensions or requiring special handling may
necessitate special entrance designs. If these specifications
preclude the use of versical shafts or require special hauling
equipmesbpitailed descriptions of the% stored material s.ould
be furnished with the other design criteria.

(6) Ove. pesure Region. Specification of a design
side-on overpressure region need &,ot be made except when it is
desired to provide protection atuch greater or much less than
that for 50 psi. The large amount of dat. a ailablc from tests

"7 MW r
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in the 50-psi region, the. realization that absolute protection
is a practical impossibility, and the need to design on the
basis of pressure to achieve balanced design of structure com-
ponents indicate the advisability of using 50-psi side-on
overpressure for military tactical purposes.

(7) Speci.al Rquipment and Regui rents of the Com-
mander. Use of communications, plotting, or .. •pputlng special-
ized equipment as may affect the generator, the floor area, the
height, or other requirements should be included with the cr1-
teria. The commander should permit the field engineer to exer-
cise latitude in selection of materials and designs. 8pec;Al
requirements for facilities should be set forth with the initial
criteria, as underground construction discourages later alters.
tions or additions.

(8) Oeial Criteria. The following Items may or
may not be incl ined the directive of design:

(a) Duration for which the structure will be
required. This is a factor which may determine the util-
ity of timber or the necessity of applying paint or
preserv.sives.

(b) Tim available for construction. This my
prohibit the use of poured-in-place concrete or of materi-
ala not within the unit area.

(c) Specifioation of unit responsible for con-
struction. The directive of design is incorporated in an
operations order.

(A) Provision for protection a&Inst conven-
tional weapons. Nuclear blast rvsistive structures dn not
provide inherent protection from conventional weapons
other than small arm. Protection against destruction by
bomb or shell penetration, high explosive cratering, or 4

shattering effects must be considered separately. Such
situations may be mitigated by addition of a burster
course and would require considerably deeper burial of the Astructures. Deeper placement would not reqfte additional
strength because the increase in dead load wou1l t•'s nc,-e
then offset by attentuation of blast loading wv*h ,iI

b. Ascertain Material Availability. The first step of
the field engineer after receipt of the wliamum "trictusre require..
ments is to determine the materials available. The procedure may be

implified by a review of the minimum structure requiromente ane a
search for the materials of construction in order of desirability of

.°.w 
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employment, as set forth in Table X. As an example, for a structure
not requiring a m&bZive drawbridge or walk-through exterior door,
the field engineer should determine if corrugated steel arch material
is available for the structure and need not extend his search to in-
elude the other structure materials. Timber for deadmtn, footings,
and end walls and steel stock for hatch fabricntion are required in
almost all structures. The pertinent information for the various
types of materials of construction follows:

(1) Cor ated Steel. The availability of arch-
type corrugated steel should be ascertained as to varying gages,
radii, amounts, section characteristics (type of steel, pitch,
and depth of corrugation if other than 2 inches by 6 inches,
American commercial standa.,d), and types, such as flAiged or
preassembled sectional plate. Data required for straight-type
coriugated steel sheets are the gage, the pitch and depth, the
sheet length, tho steel type (if other than that of standard
American commercial practice, fy s 27,000 to 28,OCO psi), and
the amount available.

(2) Concrete Pipe. Should the type of structure or
scarcity of corrugated steel indicate that concrete pipe may oe
employed advantageously in the construction, the data required
would be the diameete-, the wall thickness, the length of sec-
tions, the number or sections, end the specifications to which
the pipo was made. If the internal construction of the pipe is
in doubt, the D-load to produce a 0.01-inch crack and the D-load
to produce the ultimate load should be ascertained by test. *

(Cf. Section TIT, per. 9c, "Circular Reinforced Concrete.")

(3) Concrete In-Place Construction. The information
required to determine the suitability of concrete in-plAce con-
structimn is the availability of the coment, suttable Fggre-
gates, and reinforcing which may be of differcrt sazet. lengths,
and types (applicable to foreign construction where different
deformation patterns may effect certain design criteria). in
Pd.iition, material suitable for con3truction of forms, false-
work, and scaffolding weszt be available.

(4) Timber. Timber may be required for every struc-
ture for use in passagavays, shafts, shaft cloeures, end walls,
footings, deadmen, or in the basic structure. The field engi-
neer bhould obtain a list of sizes, lengths, amounts, types,
grades, and conditions (green or air-Iry) of timber. '11 de-
tailed information may be used to determine the ap&licabillty
of the approximate design method presented here or may show
that the design assumptions must be modified because of a largo
departure from the average values used in the derivatxon. The
avetlability of treated timber or preservative coating compound

7IR71



should be determined fo~r semlpermrnetit structure design in
moist or orgaizic soil. In addition, suitable timber fusten-
iiigs muist be available.

(5) Structural Steel. !I.- is not necessary to obtain
information on the supply of stuctural steel unles# z~pecific
structure requiremet.ts or the scarcity of other material necer-
sitates this type of construction. An e:tccpt~'n may be made in
the use of structural steel for deadmeui and fou.4idetione for
semipermanent e~onstruction, ard in the need for steel in clo-
sures, frame, and frame fotindations. If the steel is available
only in limited lengths and shapes, specific data on the so-.
tions and lengths are required prior to design. Otherwise, the
design should be based on the section modulus and use of struc-
tural intermediate steel (ASTM A-7). Selection of sections
which will match or fulfill these design requirgments then ce:n
be made.

(6) Utilities. The means of supplying t'~e utilities
must be decided -Prior to structure design to provide the area,
storage, access, and alcove requirements which mut~t be
Incorporated.

C. Construction Time. Depending on the position of the
field engineer and the requirements of the commander, the time
available for construction can be a factor Influencing the selection
of materials and the structure design. This factor 1. closely re-
lated to the equipment available because, with sufficient time, some
work may be feasIble withJout special tools. An example wuuld XVs the
placement of concrete pipe or strictural steel without adequate
power lifting equipment. Similarly, the lack of skilled manpower
may prohibit zertain types of in-pie.,* contret* or stael9 conistrue-
tilon when timp is critical.

d. Site Characteristic.. Site characteristius. may be
!nntidpred In design by the fiel4 engineer. If a specitic site has
been designated for t~he structs.r.e, the backfill, a requirement for
borrow backfill, the water table elevation, and the runoff charae.-
teristics of the surrounding area shcould be determinod. In other
circumstances, the structure may be des~gned and then an appropriate
site may be selected by the field engineer.

A. Dsignof Structure. With data obtaiaca f-oa tthe
steps just given, the final design may be made. ". chrinul,)gical -,e
quence with appropriate explanations .Lesding to, the completod design
is presented in the following:

(1) Establish the epecific uttilities, the rmergt~nvy
el-tipmrnt, and *he entrance 'onflguration to be employed.

e"'F
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Reference ahould be made to Table V, "Selaction of Utilities
Based on Structure Utilization,"' and the structure requirements.
Means of electric power supply should be selected on the basis
of equipment and lighting needs and a pr& llAnary ieelection of
air treatment equipment.

Final select ion of the air trectment facility is
based on air change, humidity, and temperature restri-tions.
Temperature rise and ventilation loads are computed frc,% the
following factors:

()Number of cccupanta.

(b) Heat output of the generator engine cooling
system. (Cf. "Specifications for Military lbtandarti
Generators.")

(e) Heat abu'%;U of the generator Itself* (mul-
tiply the kilowatt capacity by 38 to obtain Meat output In
Btu per minute).

(d) Heat output of attached electrical equip-
ment may be take- as the full kilowatt capacity of the
generator less the power used by a separately located
filter exhaust fan.

(*) Heat output of the occupants (2000 K cal/day).

(f) Iite't uutp~ut of a gaaol na-engine -driven filter,
if applicable.

Steady-state flow conditions ahou:A "e used for
long-duration occupancy structures requ,4r!1'- filter sj:taae.
Heat transfer to the structure walls, floors, or other siurfaces
may be neglected. Table VT, "Ventilation and Space Requirc-
-'-ts for Protective Structures," provides the essential 1*i
sonnel data for design.

Upon selection of the filter unit and generator,
compute and list the required supplies for the duration of oc-
cupancy. If the structure is for continuous use wAn the emerg-
ency equ~pmerit is to b'4 employed for presnot uso (not desirable
for gasolinc engines but practical for electric motors sk-A
light.), add to the amounts computed the quantity of supplio).
that will be necessary to provide for nvnemergency operation.

*It the generator or air-filter unit is placed In an alcove, whiol,
is ducted directly to thse exhaust si~rge tank these heat sources
m~y be~ eliminated.
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The equipment in use an~d the interval between resupply are
sufficient fo-' estimating purposea.

Entrance geometry is d~ternmined primarily ox. -he
bases of intended structure employmnt, specific requirements
set forth in the design, the directive, and the size at the
equipment to be transferred after the structure has been com-
pleted. It should be determined whether the zkneratcr, filter
units, or other large items of equipment are to be placed dur-
Ing construction (desirable when vertical entrance(s) is to be
used) or are to be placed after the structure has been com-
pleted. Eployment of a vertical shaft may depend solely o.,
the desirability of removal or replacement of inatalled utility
equipment. Consideration should be given to possible location
of larger units of equipment, such as generators, at the base
of shafts, connected by personnel passage to basic structure
(Fig. ).

Water supply, sanitary utilities, arA emergency
equipment to be placed within the structure are specified by
structure utilization and availble nonevargency ut.lities. As
Is so with the fuel and lubrication storage, the supply of wa-
ter, food, an' other expendables, should include an allowance
for periods between resupply for preshot nonemergenoy use of a
structure. The actual design of a latrine alcove may be made
at this point, depending on utilities, requirements, and utili-
zation. Requirements for special radiation fe', Ities such .o
a separate decontamination room and equipment should be noted
for incorporation in the strw~tr.^- dA1sgn.

(2) Compute the required floor area and the volume
of the aseic structure. The %a~eo are# the ntmber of men, une
volume required, and the area nee~se-y fer sta:ge, equipment,
and movement.

(3) Neign the basic structure. Use Tabib X, "Pro-
tective Structurex and Str,'*tural Components," and the compiled
lists of building materials, prefabricated shapes, equipment,
time, personnel, and the like at hend. When a choice of struc-
ture radius is available, the following consideration should be
made: The volume of material to be excavated and the vcltrue
which must be replaced and compacted is a variable composed o'
a fiyed quantity (related to tl~e area and depth cf U•e strw..
ture) and a term which is roughly proportiontl to th- perimeter
of the structure. Thus, a squaru structure requires less exca-
vation than an elongatel rectangle of the same floor area. Pnv-
ever, the stronger structural section required tor longer spens,
and th' innherently greater resistanpe to failure of shortee
spans (baned onl the empirical amyfalti of nuclear weapoa ehiects

0 L. TT 1"W
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tests) are factors which recommend an elongated short-span
stru~cture. As a rule, emergency personnel shelters, alcoves,
and entrances lend themselves to use of circular steel, precast
concrete pipe, and timber basic structure. Long-duration occu-
pancy living and working stations require a greater width of
floor space than storage structures. These should be wrade as

r rrov as working space and stored material dimensions permit.
Where postible, a shaft shou~d be used for storage. "-_ ad-
vantage of reduced acceleration with depth my be notedi.

(34) Design the entrance configuration and the alcoves.
The entrance configurat ion, as determined from pzevious analysis,
and the nececsary alcoves as dictated by utilities and special
requirements, are designed for compactness of the overall struc-
tural plan; functional operation of the structure's utility com-
ponents; independent response of the various structural compon-
onto; and aboveground considerations (for example, separation
of the structure air intake. and the gasoline-engine exhaust).
The emergency exit should be located in an end wall. and sho;4d
be within a quarter of a structure span from the centerline of
the basic structure.

(5) Design 4'he end walls,* The specific design of
those end walls which are not Integral parts of alcoves or en-
trance's is made after thc location of all of the variouq' comn-
ponent structures (alcoves, entrances) is fixed. Selection In'
based on considerations similar to those made for the basic
structure design. Independent response of the various struc-
tural comoonents In deairable. and Is determined, to a large
extent, by end wall design and construction.

(6) Select or design the blast resistant 1;oers-s
and frames.

(7) Design the supporting foundatiou for the door
frame.

(8) Select the floor type and design and locate the
storage bins. l unctional p.lacement and accessibility are crit-
ical to the location of th# storage bins. Simplicity ahould "w
the criterion for selection of the type of floor to be employed
In the structure, the alcoves, and the entrances.

(9) 1(,stion the remaining utilities wAInliidicat~e
operation or des' ignation. These items include the following:
3urge tanks, blast closure valves, a~ir dieatri',.-tion ducts,
antlbackdraft valves, fans, engine, exhaust systems, and storage
bins. Locatp- ýttlities arA cables entering or leaving the
struzc..ure. Provide for disposal of radiation-contaminated
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material such a&L filters and clot~Aes. Locate arid specify types
of stored wrecking and entrenching equipment, electrical
svitchgear, electrical distribv..ion system, and gastight cAws
for entrances (if required). Provide for a blast reisistant
antenna, exterior radiation measurement, and such other special
requirements as may be necessary.

23. Design Procedure.* The description and development of the
directive, planning, and design procedures presented In Section V
can be presented In the form of worksheets. These provide easier
reference and reduce the likolihood of dupliceation of effort.

24i. Utilization of the Design Procedure.

a. Example of Emrgency Personnel Shelter. The design
of an eme rgency personnel shelter is illustrated by example work-
sheets (Exhibits la, lb,. and le In the appendix). The structure is
shown in Fig. 56. The design Is purposely made witho~ut corrugated
steel which would othervise be the most desirable material Of
construction.

b. 3wnople of Continuous ccupancy Working Station. A
continuous occupsn.y1 working station is presented in which It I*
assumed that all materials and other facilities Illustrated in the
system arn available. Thus, the final structure design contains
most of the refinements which may be used in field construction.
The worksheets of the design (Exhibits 2a, 2b, end 2c) are not com-
pleted In detail as it Is e.~suned that almost unlimited choice in
availab~l# to the engineer. The resultant structure is shown in
Fig. 57.

a. 2xmeof Drive-in Stor Sructure. A storage
structure Is deindt 1ut-ethe use of the massive draw-
bridge door. The design worksheets (Exhibits 3a, 3b, and 3c) are
completed on the basis that the material and skill requirce! for
d,.oh construction are available. The structure design is shown in'
Fig. 58. Such a desi&h in not desirable if a horizontal entrance
can be avoided by the uce of shaft e~ntry or storage.
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VI. CONCLUSIONS

25. Conclusions. It is concluded that:

a. Results of nuclear weapons effects tests dre of suf-
ficient scope and quality that a system of field protective con-
struction by the use of proved structural and utility compenents Is
feasible.

b. The system of design by proved components presented
here allows a field engineer not trained in nuclear weapons effocts
to apply the results of Luclear tests to satisfy the requirement-
placed upon him for protective structures.

c. Protective structures may be designed as an assembly
of independent components reacting to blast or shock loadings in
such a manner that the reaction of one does not weaken the resist-
ance of another.

!
I
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Exhibit 1. Example of Emsergency Personnel Shelter

a. Directive for Desaign Worksheet

1. Intended Structure Employment- oe-ce Potene .ApAter

Large Equipment to Be Employed ithn h Stru~ttare : ftp

2. ';ovt-8hot Duration of Self-Sufficient Occupancy:

Emiergency Shelter r.__

Continuous Occancy Working or Living Station d4e yS.

3.Description or Dimensions of Largcst Item to Be Stored1 or Emplaced:

Othr Special Entrance Considerations: ! k.a&

I*Nmnber of Occup its: Continuous Occupancy: 0.

hergency Use: Ag~
Continuous Use Emergency Augmentation: a'A

5. Side-ian Overpressure Region: 6Q0 si.

6. Time Duration for Which Structure Should be Designed! ____o~nvs).

7. Tim Available for Construction or Date Requiredij4

B~. Conventional Weapons Pr'otection to B~e Provided: (no),

9. Type or Designation of Unit to Perform Construction r.:j j,

10. Equipment Augmentation Available for Construction- j

11. Specific or General Location of Structurz! .Aj 4

T>



126 b. Predesign Data Colleaticozt WurvivhceL

1. Conutrw-tion Materials Iivai~.able:

a. Corrugated Steel: Nqn&( location).

Weiu! 2MIG Ml Amount Available

Straight ___ Le~ngth_________

b. Reinforced Concrete Pipe: jyah (location).

"0-Lol Tests Ifeceecaory" iYes) __

Weight per
In~lde Diameter Wall Thickncnu Section tangth Section Amnount

a. Coneretoe Construction:

(1) Cement: ýfee(sacxe, lb., and the like) At pE= (location).

(2) rine Aezregate:o jv &VO lcto)

(3) Coarse Aggregate: D.....&,f e. (location~).

d. Timber: _&& _locati~n).

Wood
Sixe Lo Amount. Specles quality Condition Preserva~tive

el Structural Steel: AS'1Y A-7 (yeu), (no).

Diumensions Amount

x X-

(2) Rolled Sections:

Section Lengt!L Amount

I A. KLIJ .L.&ZLt"

*bA4#*
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f. Utilities (check those feasible because of availability):

(1) Electric: /None (battery)

Generator.

Central (blast protected).

Conventional or Public Nonernergency.

(2) Water: /tored Only.

Well Point Feasible.

Central (blact protected).

Conventional or Iublic Nonemergency.

(3) Sewage:V/nergeney Only.

Bucket-Type Latrine v/Tam"k or Drain field.

Wat*rborne to Conventional Sever, Nonemergeocy.

2. Limitations of TI.,e, Labor, 3kuipment or Site:

S. Time (if covered by directive): Check types of constructlon

me impractical because of limited time available:

In-Place Concrete.

Walk-Through Door.

DraVbridg*e Door.

V/o Limitations Because of Time.

b. Labor (if specified by 4'rictlve or otnervise apparetit): Check

typeo of conctruction made ia.ractical because of limited skilled

labor (and tim) available:

In-Place Concrete Struotare.

Structural Steel.

Walk-Through Door.

DrAVbrldge Door.

t 1•o Limitattons Iecause of lAbor.
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0. Equipment (if specified or othervise apparent): Check those

types of conotruotion which are Impractical because equipment

Is not available:

Larger NI vt or more) Diameter Concrete Pipe (hoisting and

hauling).

In-Place Concrete Structure (mixing).

Struatural Stool (placing and vldin).

Droobridge Door (hoisting and welding).

Ro estrictions Bcasue of SquIpment.

d. *ite Charatoristics (it speoified or knon)t Note those

features of the site which may affect 4eioign or eon t1'istion

mthods-

igh Water Table.

3"I Rock.

Boaulers and Cobbles in the Soil.

Soil Suitability for Dackfill.

Doil 1?roen to Depth _ _ or Persfrost.

i•R Restrictions Decause of Site Characteristics.

K,41
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a. Worksheet for Structure Design

,. Utiklities (T:able V) :

£. lectria: Beaj-y 19 If~4. Ito OSGA

Lighting - No. of Lights * x (0.1 kv so) kv

Auxiliary gleotrio man. _ ._____ ..kv

Installed Iquipment Signal, Radio, and the Like kv

Other - Radar, ComputinS, Toole, and the Like . ..._kv
Augemnted Load

Subtotal _ _ kv

Air Filter 1lectric Motor
(initial estimate)

Total ___kv

0enerstor to Be fht aoyd (of. specifications for milit4ay

standard ene-tors) kv, Cooled.

Dimensions ft. x In. 2 in. V lot lb.

Mounting Type (skit) (tubular frame).

Ful aud Lubrication Storage Requirements fbr:

Post-Shot Oec.up•cy betfore iacuation or 3espply da. ys.o

Preshot Use, Tim of Itsupply Cycle _ays.

TntaIdays or hr.

Oil: hr: l .b/hr 1 b. I
Volume: Fuel Storage: c- u. ft.

Oil Storage eau. ft.

b. Air Treatment (of. specificatlons for military standarl

enestors):

Hours of Occupancy, Qastight or vith Filter 4.

, 

-
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(twvlve bra or less my require no filter umit.)

(1) lo Filter Unit: 4- hr Occupaeny.

Required per
Person. Ixtrapolate Xo0. of Occapie4 space
Value.s btwen 3-12 Er Personnel Total

Floor Area 6 sq. ft x : Jd ,q, ft

Total Surface Area j.2 sq. ft z do. * sq4. * t

Volui Content. .. J am. ft x d...a.A.... on. ft

(2) •e•hanical filter:

a) Air Change Based on Oxypn Requiriemats:

no. of Personnel

Minima Ventilation Rate eft/Perseo.

Minima Air Change 5 x (N.o. of Persons) - eft.

(b) Air Change Bed n Temperatue,

Beat output-

F DtU•A ,bo. f Prsonnel Total

At Rest 7 ..... ....... . * = t /in

Iidearato Activity 17 _ . .. Btu/lin

Vieoro,. Activity 67 .. ....... • . tu/jin

0Geeaotor Motor (if located wbere It beats basic strutcte

.Leotrlu: inelced

Capacity of seeator: kv x 57 S __.tv!/tan

Oenerator neat Loss (if located vhere it hoaes

basic air' (assuming efficiency 1s 70%).

Capacity of Osnerator: - W X 57 X 0.I3 -

Total- Btu/sin

J.-
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Maxlmin Desirable Interlo% Air Temperature OF

Mtuimum rrobable Outcide Air Temperature O7

IT a Haximli' Increase Desirable in Temperature OF

Note: 1 Btu will ramie temperature of 50 eu. ft of air io r.

Required aft Air a Pt'+aj/min x 50

(a) Filter Uit Selected: at (Blectric) (Oasol.ýu).

DMmnsions:

Largest Component:. in. a -in. x 1_.. ., vet,
lb.

Overall, in ves: In. x 'In. x _In., V.ight,
lb.

Storage Requirement*: Fwl ---- l8 Oil lb.

(It ArlC416 vith #msoline engine,, use valuen for 1-1/2-kv
generator motor.)

S•rae filters, Dimensions - x -- x .

a. Notranee Config.r-...-:

Required to Forn an Air Lock (yes) (no).

ergneoy Filled ?ube kIt (yes) (no).

Raliation Deoontamination in (sir look) (horizontal entry) (none).

SVertical Personnel Zatry (dimension of largest it.. for passage)

Vertical Mhat (dimension of 1Argest item for passage)

Ne • t, 31... . ,,.

Sorzontal Passeage (dimension(s)) 4" x ..... x .

4 1
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132 blast Closures:

Wm5k1ThroupI' rmwv..' Niinensin~c~s Af.-q. Z ___

Double Walk-Through Door (dimensione.) j(~f. X

Drasvbridge Door (dimensions) _.WAX&_ a-

d. Water Supply:

Storage Reqiairsments:

No. of Men x Pa . of days zJ Rate per day
( &L) 0l ica

Plus Nonewergency Storage 0 121

Total /0 gal

Itaber of 5-gal Cans J.

Other Storage Means 0

0. 55Ditax7 Utilities:

Selection of Type, Latrine So"&p 4#e~wc-/ya im.

f. awrpsny Squipment (ocheck):

ftod Storage Requirement (r1able IX): "yp Nation:*--g-

No. of Perso11e40f- z lo. of days 0 40 Pa of Nations.

No . of Ratos of.. ftkher rat A -.1. Qjue ft.

Wrecking and lnotrenohing Squipment:i Types 7.". J- fi

siit A Also 4,amm L;u &N 4m KAW. LajrdmA &=4. clatiuw#v I

Commudoation Squipmesi: Types 41--r mm meiis

Disposable Clothing, Type, A=,.mts 4d& evatlL.; I*.

Decontamination Sq%1i3ment, ?' i.

-;ontmi~nated Clothing Disposal Bins 'f3-e(% (no).
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Tube for Surface Raiation Measurements (no).

Gastight Seal for Backup of Eitranee (yes) ý04.

Crey Bervwd )ieapons In Structure, Type 60k Mat.e," iAq I&

Battiry-Povered Lights, Portable Radios in 8tri.tmre, Types

and Amunts (w 6.46&u jev ig tl~.

a. Total Store& Requreusnts:

Fuel and Oil: Cu. ft or Din Size in

Water end Food: Cu. ft or Bin Size(s) q e,. .

kergenoy Squlpmnt: Cu. ft or Bin Size M_ 9 eu. .C4,

h. Final Floor Area (volwes): Floor Area As Previouly Determined

Pinwded ftor quipment and Nateriel pa1. Oouopancy.

Basio Structure Only,, - . 24a sq. ft.

Volame of 8triture As Previously Determined Amenesd for Bquip-

ment and Materiel Opea Ocoupanoy A e e•u. ft.

2. Structure (Table X):

a. Basio Structure:

Width (radius): R a. ,ft (7O4;. r;.. £IWP

Zangth: ... at.,.. .. .. .

Floor Are a a7 " sq. ft.

Appromte Volv•me • " . a u. ft.

Foundation flevation below OrowiASurfese ft, f.

Minlmum Barth Cover 4 (5) •.

b. Intrance Configurstion:

TY"e Lar4g,&I fuLe -to A O~AMl"4 IIA1at.
(0f S. 4. 6 48, 4,.)

V -7-
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Materials of Construotion

Dimensions and Construction of Components

Vertical from Surface 3. - $ _ -

Air Lock M&,a _ Floor End b VWalls-,

Second Vertical &an F- /h

Horizontal Intrance Passacs " -) •

Floor peati PrA Wall E .-AW

OUatight Partition P/arJ,,L C,/m

hsergency kxit ia.p r.m~mag- 0A N Ar . A

a. Alcoves:

Latrine - Dimnslons .sen Nrtttos.

Floor - Structure Type god Wall

Air Filter (plus gen-arator) Dimensions Y Partition _ _

Floor - Structure Type - eil _ ,,,

Generator - Dimensions - Partition ....._•

. Flnor Structure Type Dn_ Vail ,,.

Special - Dimensions Aeon&- Structu-e Type

Partition - Floor -... Wall

d. End Walls:

Type

Materials of Construction "_,,,t,4,•,a

Sketch Final Strw:ture Orientation with Alcovee, htrancea,

and E•n Walls.

e. Blast Closures and Frame:

Closure Type r 45estheA fme•. • e-ao•, A,

Dimenilins~~ i'eyf Iy e

Wg~l
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Frame Type 4-1~1~ J-

Dimensions ____________________

1. Door Froms-Sugporting Foundation:

Type eo c -ci.e~e -

Dimensions______________________

Bketches of Closures, Fruams, and Foundations.

S. Floors

Type in Basic ftructuro e I%

Isimnsions of Sectional Wood floor___________

Rbotch location ot 8tomep Dine, &aM with Concrete floorp

the location of hpansion Joints and Saoownq.

Is. Utilities Location:

Inluleb In Sketch locations fbr Utilities,, Antiback Draft

Valves, ftrgency 2quipsent, wa the Airflov Arrom.
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Exhibit 2. Example of ContinluouEs Occupancy Working Station
a. Directive for Design Worksheet

1. Intended Structure Employment: Len%,.mLu& ne-ufL .

LUrge Equipment to Be Employed within the Stricture:_ .

2. Post-Shot Duration of Self-Sufficient Occupancy:

bmergenuy Shelter . hr.

Continuous Occu•ancy Working or Living Station ja.days#

3. Deasription or Dimensions e. Largest Item to Be Stored or Rplaced:

it 4 -x 4- P :4.

Other Special tbtrance Considerations: fje, for laoi.

. Number of Occupants: 'ontinuous Occupancy: £L .

bergency Use:_d .

Continuous U&e bmergenoy Augmentation:: .

5.. Side-on Overprwasure Region: X pa &.

6. Time Duration for Which Structure Should be Desitm, d: . )

'. Time Available for Construction or Date Requi-ed:L/,ow,.i

8. Conventional Weapons Protection to Be Provided: (no), ' .

9. Type or Designation of Unit to Perform Constation: j

i Hnc L, la,, n U ,h~j -, ,,mI . ,, ,10. ZquI~sent Auapsentation Available for Conetructlont AA..4W iL

11. Specific or Oeneral Location of 9,-uotutre: N.J. a.

S.": : , n4
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b. Predesign Data Collection Worksheet

1. Construction Materials Avalable:

a. Corvugted S+.eel: ESP. (location).

Rsalus Gue Amount Avai,%ble

Straight ij~s __ Length........

b. Reinforced Connrete Pipe: 99P (location).

"D-Loa Tests Neessary" f
Veight per

Inside Diameter Wall Thickness Section Lenath Section Amount

a. Concrete Construcotion:

W () Co.•mt (sacks, lb., and the like) At a"P(loation).

(2) Fine Agwepte. &rap (location).

* (3) Coarse Aggregate: AvI (&Acation).
d . Timber: &Sp (location).

Wood
Sis. L MoaatAmunt 0 s * %!, lk Conit I.on Preservative

e. Structural Steol: ASM A-7 (Yes), (no).

Dimensions Amount

x X

(2) Rolled Sections.

"section Length Amont

UnJam~ed
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f. Utilities (check those feasible because of availability):

(1) Electric: wvfine (battery).

V4enerator.

Central (blast protected).

Wdonventional or Public Noasemrgeno.~'

(2) Water: Stored Only.

Well Point Feasible.

.'.'ietral (blast protected).

A~nventional or Public Non emergency.

(3) 6@Wag: ftsreenty Only.

&4ucket-Typ. Latrine vfl'snk or DraiA ?iWA.

V#44aterborno to Conventional Sewe, Uonemergenoy.

2. Limitations of Time, la~borp Equipmient or Bite:

a. Time (if covered by directive): Check types of construction

moe. impra~ctical because of linited time available:

In-Place Concrete.

Valkdftrough Door.

Draftrifge Door.

* .40Limdtations Becouae of Time.

b. labor (It specified by directive or otherwise apparent): Check

tIes of oonstruction mas" impractical because of limted skilled

labor (and time) available-

In-Place Concrete Structure.

Structural Steel.

4 ~Walk -Through Door.

Drawbridge Door.

A Limitations be~cause of Labor.

4M
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o. Zquipwent (if spectried or othirvise apparent): Check those

types of construction which are Impractical becaiue equipt.t

is not available:

larger (4 ft or more) Dimeter Conorete Pipe (hoisting and

hauling).

In-Place Concrete Structure (mixing).

Structural ateel (placing and velding).

DrembrIdge Door (hoisting and welding).

,& Restrictions Because of zquipment.

d. Bite Characteristics (if specified or known): Note those

features of the site which my affect design or construction

amthods.

Sigh Water Table.

Bed Rock.

Boulders and Cobbles in the Boil.

Soil Suitability for Bakfil.

Boll Frozen to Depth ol PeiW.4roft.

.0 mRestrictions Because of Site CharaIctristics.

--
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a. Worsk'eet for Structure DeoiM

1. Utilities (Table Vij:

as. Ilectrie:

Lighting - No. of Lighto... x (0.1 kv ea) kv

Auxiliary Electric Fans kv

Installed Equipment Signal, Radio, and Uhe Like__Z2. kv

Other - RrLar, Computing, Tools, and the Like kv
Augmented Lod

Subtotal 2. AW

Air Filter gliotrio Motor
(initial estimate) Y kv

Total j kv

Generator to Be A-ployed (of. specifications for militawy
standard onorsto) 0 kv, A a Coled.

Dimensions 4.T i.. z .2'1 In. x _ Veilht ffoo lb.

Nountine Type (1okLi) r-tym -e .

Fuel and Lubrication Storage Requirewnts for:

Post-Shot Occupancy before "vaOuation or lksupwly 4 - d lays.

Preshot Use Tim of Resupply Cy-le P.
4Wfti, No ~sr edit bAeaAft eonv"'w09 ~v.4 SiA FYw.

Total: J days or J hv.

N~~~ N u1~~ r x L/S'5gal/hr a AZ~pl. (gas/diesel).

Oli 21bahr x _Lp51b/hr w * 2 b

Vol"m: Fuel Storage: - cu. ft.(&. -rive., ,rW5&1.ujvi,,)

Oil Stcraoe: j6 cu. ft.

b. Air Treatment (of. specifications for mlit•ar atandard

generators):

Houra of Occuipanoy, Gastight or vith Filter Cen 4 on#WI"S

., - - ' - ' -i !

.-.

Z XT
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(tvelve hrs or lees may require no filter %mit.)

(1) No Fl1,•r niit: -- hr Occupancy.

Sequiir. per
Person. rtxla.lmktA No. of Oiccupied Hpace
Values betvem 3.12 Hr Personnel Total

12oor Area 6 sq. ft z 4 a . sq. ft

Total Iurface Area - 30 sq. ft x 60o. a /,20 s0. ft

Volum Content Ac Ion. ft x - a . cu. ft

(2) Mechanical Filter:

(a) Air Chanp Blasd on Oxygen Requirevmnts:

No. of Perenoz m f •

Minims Ventilation RA& . oft/Person.

Minimm Air Cbw 5 x g.o(no. of Persons' - .Z-foa.

(b) Air Chot-o I" @ on ?oerature:

Best Output "

Personnel Stu/oin No. of Personnel !2W
A. Rest 7 B*~ tu/a"f

Moerate Activity 17 -BU/sI

Vigorous Activity 67 ___ ___ .)t/i

Oenmrator Motor (if loegte *%oer* it heats boa2,o structure

air)~ - v/ * _ tu/slin

lotrio: Lineloed

Capacity of Oonorator: ~v x 57 i14 tu/ain
smimo~a- .UA0 '06 r- F, "f. 04A&m~ =.~

Oonerator leat 1lol (if located were it t-

basie air) (seeming efficlencY is 700).

Capacity of OeA.wr•tor: ga v x 51 x 0.43

Total : p Btu/stn

• •,•:•,• ... •." _.~tt••J71



Aaximt~m Desirable Interior Air Tomp-rature & 07
Maximum 7robable Outcide Air Temperature 6p OF

AT w Kaximur, Increase Desirable in Temperature - nil
/VomE: 4Auie~t, **'A*#- 040". Sime'wee. e*J 0*

Note: I Etu wllU raise temperature of 50 cu. f't of air 1 F.

Required citm Air a Btu/min X ,0. , ... 0 . ..

(c) Filter Liit Selected: 1/.oo fm (•lectric) >uiIOOOL

Dimensions:

largest Component :_.Z in. x 5fln x.Siinel Weight,

A~Sa lb.
Overall, in 3se: I _.._LU..i. X A n X A _Lnn., Weight,

/.-. 00lb.

Storage Requirements: Ful__ __l, OIL 1_ b.

(If AW-I 44 vi. gasoline engine, me values for 1-1/2-ky

generator motor.)

Bpare Filters, Dimensions, 6.2 x A S x .

.• nbtrance Configuration:

Required to Form an Air Look (yes)

-rgeney filled Tube Exit (yes) 0 .

Radiation Deoontamination in C (horizontal entry)

Ve4rtical Personnel E~ntry (dimension ,•-f largest item for passage)

Vtrtio.l Shaft (dimension of largest iten for passage)

Korizontal Passage (dimension(s)) Xi fl. ASU'*d

7P,_ __
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Blast Closures:

V.1k-Through Dr•r (dimensions) . x - •

Douable Welk-ThrotZgb Door (4Siw.1sio!n) x -

Drtavbridge Door (dimensmons) t-yg,. x -.

4. Water Supply:

Storage Requiremnts:

go. of Vmn 46 x No. of days x Rate per day-- • (1) Sol -- !'j &

Pluslonaergeney Stora0-eg e i-#d.MsQmna~*J.uL~

Total.4D

Ovuber of 5-gal Can* ..

Other Sto•age Mean@ -

e. Saita•y UtilitSes:

Selection of " Utriflen v"FMI ..

f. lM e sn ey Zquipem t ( aheck):

Pood Storage Requirement (Table IX): Type ration d:j . ..

No. of Personnel.... L. x No. of days o 4Igg No. of Rations.

No. of Rati•ns 4u . on.. .at!n.r / raatin - S cu. ft.

WtaokiLg eM Ntrenohing 3quipient:. TYPes rur. & Si. aAln,,, -L

CmmaricatSofl Squipeot: Types LA h.... iv&aa2a1

WLeic Xnstrwments .3iVA-Mj i --dollfb hh't¶Nk

Disposable Clothing, Type,, ;mounts 4a cag2A SOeAc

Decontaminat ion Equipmet, j". Vin, .A.. &6jz"C V ~t=.suj~k

Contaminated Clothing Disposal Bins (yes) .

S....... .. ....... •. • .. . ..... -- .• . ..... "" I II I III ...... . IIIIIII



Tube for Surface Radiation W-anurements (yes) • .'

Gastight Seal for Backuip of Entrance (yes) .

Crev Served Weapons In Structure, Type N D

Battery-rovered Lights, Portable Radio@ In Structure, •ypes

and Amounts As. ,rejPussr

g. Total Storage Requirements:

Fuel azd Oil: Cu. ft or Bin Sits
Water and Food: Cu. ft or Bin Size(s) e, . .C4.

2ergency Zqulp ant: Cu. ft or Bin Size 2j f, % .

h. F!.Al Floor Area (volume) Floor Area As Previously Determined

Amended for Equipwnt and Materiel Space Occupancy.

Basic Structure Only, - I .o.. sq. ft.

Yolww of Structure As Previously Determined AmwxtW frr Equip-

ment and Materiel Spaes Occupancy 419,Cou. ft.
2. Structure (Table X):

a. Basic Structure:

Type: CC I ru 4aI'eW _Mc!al 12 A

Width (rad'&us): ;Lft

Lenth: Tt4- 4L. C4_

Floor Area . Ano sq. ft.

Approximate Volume _q I ou. rt.
Founde.tion Xlevation below Gro',d Surface f. t.

Minimum Earth Cover . . .. ft.

b. Entrance Configiration:

Type :e : ,lJA. l4 5 m_. SA +++6di 6 6 mqcN
B0j. o&v o

'r47 1

;4_____



*Materials of Construction 44leA5

Dimensions and Construction at Componento

* Vertical from Surface M

Air took i5 4 &gvg'floor ~g jg..Lid Walls .k .

Second Vertical AY J%- 44 e

Borizontal ghtrance Passa&s L "-. AtSm.4. 11101e

Floor SeAbh Wall .. Ln h"V-*
Osstlght Par~titon gS.A& aj a sAt -a4.

hmrgeney kixt 3 . 4 auammslea, L 5a L VI¶. i;

Lftrine - Dimnssions MeL~w&1% #4 p Iq&Mh

12oo~rCag, structure Tn"Wftp &Ah Wall !rb.~W
4,4. wLi#,PwAAsv

*Air Filter (plus puamtor) Dimes..ions IyvP&Aition Does

Fl.oor S ftA~u Tyr ewwahe ________

Generator - Diwmetsins Partition _____

Floor Structure Tpe - Rod Wall_____

tffleaial - DImensions - triasture TMp _ -

Partition - Floor - Ad Wall_____

ft. hWalls:

Vtterialz of Construation T.:-t&. 016 Ciffilt"aAw s~JJC

bteteb Fizial Structure Orientation with Alavs Ratrnce.D

and Vb alls.

e BlDast Closures &am Frmes:

Closur Type pea.L 5 j,

Dimensions Ai*3r IV gepa,~ %as 1z,

I.0f



Frame Type

Dimensions A._~ . _____

f. Door Frame-Bupporting Foundation:
Tye C. A . .o .... ..

Dimeonn-Innn "n .. ,-4U q _ •

Sketches of Closurie, ?rems, and Foundations.

S. Floort

Type in Basic Struc&ture

Dimensions of Sectional Wood Floor 9 U. C A ,.

Sketch Location of St-capt Bins, &n; vith Concrete floor',

the Location of Zxpanslon Joints and Scoring.

h. Utilities Location:

In•OlUe ir Sketch Itoohati for Utilities, Antlbac! Draft

Valves, mergency Equipment, ed the Airflov Arrows.

r,, ,-,l~iL•P"I

. .. . • ' .. . .... IIII . ... -- ' "+ -- - - +l ++ ~ i . . ..
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Exhibit 3. rzample of Drlve-In Storage Structure
a. l•irective for Dcsign Worksheet

1. Intended Structure hployment:

Large Rquipment to Be hployed vithin the Structture:

2. Post-Shot Duration of Self-Suffioient Occupancy:

DAergency Shelter %lk hr.

Continuous Occupancy Working or Living Station N "Yes.

3. oescription or Dimensions of Largeot Item to Be Stored or hkplaced:

Other Special Entrance Consideration.: g..L

I.. NUmber of Occup.Ats! Continuous Oceupancy: 0 .

hergency ese :...g_.

Continuous Use hergency Augmentation: .

5.. Side-on 0verpmessure Region: A psi.

6. Time Duration for Which Structure Should be Designed: t.

7. Time Available for Construction or Date Required:Un01sI34

6. Conventional Weapono Protection to Be Provided: (no), s _.' ..

9. Type or Designation of Unit to Perfonr Construction:. t4.C '.... . ...... ..... ........ _ _ _ _ _ _

10. Iquipuent Augmentation Available for Construction:, yeI,.tr

11. Specific or General Locatln" of Structure: , a A .,-.e

- •• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-__ _ __n1



b. Predesign Data Collection Worksheet

1. Construction M4aterials AvaiLable:

a. Corrugated Steel: -. EP (location).

Radius Gae ____ Amount Available
At %&. f .. _ IS" 4.... A,,,, .... .... . -

Straiht u .. 4,,tL Length. . ........

b. Reinforced Con.rete Pipe: s looatton).

"D-LoA Tests Necessary" (yes)(no) -

Weight per
Inside Disamter Wall tLickness Section •Anth, Section Amount

a. Concrete Construction:

(1) Cement - A,$ (.sacks, lb., wan the like) AtUrSP (location).

(2) Fine Aggeipte: Ater~r (location).

(3) Coarse A45rPte: --.(location).

d. Timber:. &-U" (location).

Wood
Size . Amount S Qlity Cnedition P~pervative

. 8tr=-tural Steel MM A-7 (yes). (no).

(1) Plate: Re J! %"looation).

Dimensions Amount

X-X As.-z4'4 PodSx

%2) Rolled Sections:

Sec tion Lanvt Amount

77 7 -7~



f. Utilities (cheek those feas:Lble because of availability):
(1) Electric: wone (battery).

Generator.

Oiatral (blast protecte4).

V/Conventional or Public Nonww.m :ney.

(2) Water: V4tora Only.

Well Point Feasible.

Central (blast protected).

# Conventional or Public Nonaergene$.

(3) Sawage:t/Smergenoy Only.

ISucket-Tpe Latrine vitank or Drain Fl•ld.

Waterborne to Conventional Sever, Nonemergency.

2. Limitations of Tim, Labor, ISquk ent or Site:

a. Tim (if oovered by directive): Check types of construction

amde lIpractioal because of limited tim availablet

Ia-Place Concrete.

Weak-Through Door.

Dmvbridge Door.

Ao Limitations Because of Tine.

b. labor (if specified by directive or othervise appant): Check

types of construction made Impraectial because of Itited skilled

labor (and tim) available,

In-Place Concrete Structure.

Structural Steel.

Walk-Through Door.

Dravbridge Door.

VAo Liaitations Beca,,se of Labr.



0. Equipment (if apeciftied or otherwise appa-ent): Check those

types of construction which are Impractical because equipme.nt

is not available:

larger (4 It or more) Diameter Concrete Pipe (hoisting and

hauling).

In-Place Concrete Structure (mixing).

Structu~•l Steel (placing and welding).

'Drawbridge Door (hoisting ad velaing).

c IRestrictions Decauss of Zqulisent.

a. Site Characteristics (itf specified or known): Note thoee

featiAn of the site vhich may affGct deain or constructimn

mthods:

310 Water Table.

Ded Rook.

Boulders ead Cobbles in the Boll.

SAl Suatability r.Wor D•Akfill.

Boil Frozen to Depth ..-. or Pswtsfroet.

.Ao aRestriotions Because of Bit- Charza•teriatlos.

i l •: .: •Jll ... I 15f' II I ' - ; k i l . ... .. II I IIII 3
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c. Worksh.eet for Structure Design

1. Utilities (Table V):

'A. Electric: ký44* poww %v46Ae'.I Si

Lighting - No. of Lights x (0.1 kw es) kw

.Auxiliary Electric Fans kv

Installed Equipment Signal, Radio, and the Like .. v

Other - Radar, Computing, Tools, and the Like k-_
Augmented Load

Subtotal kw

Air Filter Electric Motor
(initial estimate) kv

"Total kv

Oenerstor to Be Iployed (of. speciflcations for military

standard ser rators) kv, Cooled.

Dimensions in. z in. a In. Weight lb.

ountIng Type (skid) (tubular from).

Fuel and Lubrication Storag Requirements fors

Post-Shot Occupancy berore Evacuation or Resupply ,, diays.

Pr*eshot Use, Time of *esupply Cyole days.

Total: _ days or ...... _hr.

Fuel. hr x _ al/hr .j...al. ( !s/diseel).

Oil: hr x lb/hr - lb.

Volume: Fuel Storae: - ou. ft.

Oil Storage: ou. ft.

t . Air Treatment (of. specifications for w'litery stanA.x4

generators) :

Hour@ of Occupancy, Gastight or vith Filter /A

/
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(twelve hrs or leno may roquire no filter untt.)

(1) No Filter Unit: .... hr Occupancy.

Required per
Person. Extrapolate No. of Occupied Space
Values between 3-12 Hr Peroonnel Tota•l

Floor Area 6 sq. ft x _ a _ sq. ft

Total Burf'co Area sq. ft x do. sq. ft

Volume Content. cu. ft x do. a cu. ft

(2) Mechanical Filter: N'or jt %;cile..

G.) Air Cha.ge Based on Oxygen Requirements:

No. of ?ermonnel

Minlam Ventilation Rate 5 oft/Person.

Minlmm Air Change 5 % _ (No. of Persons) e ____oft.

(b) Air Change Based on Temperature:

Heat Output -

Personnel Btulmin No. of Personnel Total

At Rest 7 , - Btu/min

Moderate Activity 1.7 B .. - . tu/min

Vigoroum Activity 67 _ - .tu/win

Generator Motor (if located where It hesats basic structure

air).. Btu/hr L-.Lu/mm

* U1lectrio: Linslo.

Capacity of Generator: kv x 57 a __ u/m_.-

Generator Beat LWss (if located where it heat.s

basic air) (assuming efficiency Is 7C4).

Capacity of Generator: kv z 57 x 0.43 ,

Total: _Btu/mi-n

KNl/ ". ,&"

/0
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Maxtmumi Desirable interior Air Temperature OF

Ma~ximum P'robable, Outside Air Temperature OF

AT M ~aximum Increase Desirable In Tempraure O

N~ote: 1 B~tu will raise temperature of 50 cu. ft of air 10 F.

Required aft Air a BumnX5

(a) riltaur tAwt Selected. act (Electric) (Gasoline)1.

Dimansions t

largest Component: in. z Ijn. X -inf, weights,
I*.

Overall, in Use: ,In. a In. X in.s, Weighbt,
lb.

Storage Requirements: Fuel MIlS oil 1b.

* (If ADC47S vith gasoline engines, vive values for 1-1/i-k
snerator motor.)

* Spare Filters Dimensions - X

0. * trsnce Configuratil

Required to Form an Air Look jp4 (no).

hsrasnay 7111.4Twb ? ft. it to& Co)

Radiation Decontamination in (r.~r laok) (horizontal .*try) (noe)

Vertical Personnel Entry (dimns,~ion of largest. item for P2.S5&dG)

Vertical Shaft (dimension of largest item for passage)

Soriotl Passage (dimons Lon (z) &Lk.. X74110 ad!, 4*. .
4Wg)

USw



Blast Closurcu-

Walk-ThroAlg Door (a~imensions) 60 x____

Doubole Walk-I Thrvign Door k'~ez"ion6) WA x

Drawbridge Door (diwmnnions) .____ x ~ ~ ~ r

d~. Water Supply:

Storage Requirements:

No. of Men iife 1, x No. ofdays3 ___ x Rte per day
_(1) gal

Plus Nonamergency Storage gal

T~ta2.gal,

NOuber of 5-oxl Cims

oJther Storage Means _________________

.. Sanitary Utilitiea:

Selection of Type latrine Me'g ...

f. hiergenoy Equipment (check):

Food Storage Requirement (Table IX): Type Pat ion:-

No. of Porsor'nel, x No. of days --- No. of Rations.

No. of Rations ____ x c___ u. ft/per rwpt-on w ta. ft.

Wrecking and ILrenching Equipment: Type* Wjj& ~ jp

Communication Equiyment: Types ___________-

Rwaise Instrwentu Gr;,.a .J.

Disposable Clothing, Type, Amounts A/d# , e.

Decontamination Equipment, Type MOD a,

Cortaminated Clothing Disposal Bins ~i)(no).

P M-P r,
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Tube for Surface Radiation IPeamwements wf(no).

Gastight Seal for Backup of Xaitr~aoe (yes) ($

Crew Served Weapons In Struct~we, Type _____________

Battfry-Povered Lights, Porta~ble tadlos in ftrw.ture,, Types

and Amountsd - . eftj 11 51,+k

X. Total fitorage Requirements-

Fiwi aad Oil: Cu. ft or Din Size ..bhU2&_,.

Water wA fbod: Cu. ft or Bin Size(s) N.~

bwrpn@ Xquipment: Cu. ft or Din Ese.

h. Final Floor Ana. (vwlii): Floor Ama As Previously Determined

nAmw~s for Equipmnt wa Materiel Opao O.wupanev.

Basic StrueUZ6 Only, LAo -@eq.0 ft.

Volume ef Btrwture As Pmefously Dtermined Amend" for Uquip-

ment nt Materiel Rpmo O~eaupsflO lgt cu.~jo ft.

2. Btructure (Table X):

s. Uslo Struat~wi-e

Width (radius): ft,

Length: t. £.

Floor Area -0~~ sq. ft.

ApyroxImste Vfolume j io0u. ft.

Pounaation nevat ion below Ground Swftae 't.

Minimumi Earth Cover -(5L ft.

b. Intreance Configuration:

Type (Pk~tk dis-I. ktdf-fil M.. J7, /a~ 4

7w- J -

-3
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Materials of Construction (!k J,. er...rr. .* "al eJ

Dimensions an4 Construction of Components - Ve4;aJ 4"t 4- hwixOrtW

Vertical from Surface j .. dig,, j+ itje

Air Look &g n %, Floor __ _ Wells

Second Vertical An__ _

Horisontal Matranoe Passagse g: 4+. d le g. 0+ 1 .-".

Floor Ma44 d Val lgj

Oatight Partition _ eo , L.V

hergency 3xit __ _t_ _ _ _

a. Alooves:

Lattine - Diuneslonh ... L.t.Parttlon

Floor - Structure Type &A Wall .
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